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PREFACE. 

NE&.BI.T  eight  years  ago  the  author  puhlished  his  Ele- 
mentary Physical  Geography,  which  was  followed,  two 
years  later,  by  his  First  Book  of  Physical  Geography, 
really  a  presentation,  in  briefer  and  more  elementary  form, 
of  the  matter  contained  in  the  earlier  book.  The  growth  of 
the  science  of  physical  gei^raphy, — which  has  been  little 
sliott  of  marvelous,  —  the  rapid  advance  in  rank  which  the 
subject  has  won  for  itself  in  the  schools,  aad  the  new 
ideas  and  new  methods  of  presentation  which  have  come 
to  the  author,  have,  for  several  years,  made  him  desirous 
of  undertaking  a  revision  of  one  or  both  of  his  texts. 
When,  however,  this  desire  was  given  concrete  form,  and 
svstematic  attention  was  paid  to  the  nature  of  the  revi- 
sioD,  it  became  evident  that  it  would  mean,  not  merely  a 
revision,  not  even  a  mere  rewriting,  but  a  complete  destruc- 
tion of  the  old  book  and  the  construction  of  an  entirely 
new  book,  different  in  plan,  in  scope,  and,  in  many  respects, 
in  subject-matter.  Then,  for  the  first  time,  arose  the  idea 
that,  since  it  would  be  a  new  book  in  fact,  it  would  be  bet- 
ter to  issue  it  as  such  than  as  a  new  book  under  an  old  title. 
One  important  reason  for  reaching  this  decision  was  the  fact 
that  both  the  Elementary  and  First  Book  are  in  wide  use. 
A  field  for  them  evidently  exists,  and  it  appears  hardly  wise 
to  destroy  absolutely  that  for  which  there  is  a  demand. 
Twelve  editions  of  the  Elementary  have  been  published 
and  fifteen   of  the   First  Book. 

The  teaching  of  physical  geography  is  still  in  ita.  .exp^i' 


mental  stage,  and  it  is  the  opinion  of  many  teachers  that 
the  ideal  method  of  presentation  has  not  yet  been  proposed, 
notwithstanding  the  several  excellent  texts  which  have 
appeared.  The  New  Physical  Geography  is  still  another 
efifort  to  solve  the  problem  of  how  best  to  present  the  sub- 
ject to  beginning  students.  The  author  does  not  flatter 
himself  that  he  has  produced  the  ideal  j  his  only  hope  is 
that  he  has  done  better  in  his  third  attempt  than  he  did 
in  the  other  two. 

In  the  New  Physical  Geography,  treatment  of  the  lands 
has  been  placed  before  that  of  air  and  ocean  because  so 
many  schools  commence  the  study  in  the  fall  and  take 
classes  into  the  field.  The  chapters  on  atmosphere  and  ocean 
have  been  given  less  space  than  in  the  author's  previous 
books;  yet  all  topics  of  distinct  impoitance  are  treated  with 
BufBcient  fullness  to  make  them  clear.  Certain  subjects  that 
are  not  universally  deemed  necessary  parts  of  physical  geog- 
raphy are  treated  in  appendixes ;  it  is  the  belief  of  the 
author  that  each  of  these  should  be  studied. 

Perhaps  the  most  decided  difference  between  the  New 
Physical  Geography  and  the  author's  other  books  lies  in 
the  introduction  of  a  much  fuller  treatment  of  life  in  its 
relation  to  the  land,  air,  and  ocean,  the  human  interest  of 
each  topic  being  emphasized.  This  has  been  done  through- 
out the  text  and,  at  the  end  of  the  book,  in  a  series  of 
chapters  devoted  to  that  subject  exclusively. 

Especial  pains  has  been  taken  to  illustrate  the  book  fully. 
It  is  believed  that  an  illustration,  properly  selected,  is  of 
the  very  highest  value, — the  best  substitute  for  the  object 
itself.  Every  illustration  in  the  book  is  introduced  for  use, 
and  almost  every  one  is  referred  to  at  least  once  in  the  text. 
Among  these  illustrations  half  tones  of  photographs  predomi- 
nate, for  they  alone,  of  all  forms  of  illustration  commonly  in 


ose,  present  the  whole  truth.  In  order  that  they  shall  be 
distinct,  the  half  tones  are  all  printed  on  glossed  paper ;  but 
to  avoid  giving  the  hook  undue  weight,  and  to  elimiiiate  the 
trying  effect  of  glossed  paper  on  the  eye,  the  text  is  printed 
on  a  light-weight,  dull-finished  paper  and  the  half  tones  on 
inserted  sheets.  Besides  half  tones  there  are  many  diagrams, 
maps,  and  block  drawings,  the  latter  prepared  by  C.  W. 
Furlong  of  Cornell  University. 

As  aids  to  the  study  of  the  text,  a  brief  Summary  is  given 
at  the  close  of  each  section,  and  a  Topical  Outline  and  a  set 
of  Review  Questions  are  placed  at  the  end  of  each  chapter. 
It  is  believed  that  the  great  majority  of  teachers  will  wel- 
come these  aids.  No  teacher  will,  of  course,  be  content  to 
follow  the  questions  absolutely  and  without  modification ; 
the  individuality  of  the  teacher  will  appear  here,  as  else- 
where. But  these  summaries,  topics,  and  questions  cover  the 
essentials  in  the  text;  and  their  use  as  a  basis  for  work,  with 
such  modifications  and  additions  as  may  be  deemed  necessary, 
will  be  a  far  lighter  task  than  the  production  of  an  entire 
series  by  the  teacher.  Thus,  relieved  of  a  form  ef  drudgery, 
time  will  he  available  for  the  expenditure  of  energy  in  more 
profitable  lines. 

In  most  of  the  better  schools  physical  geography  is  fast 
becoming  a  laboratory  science,  and  this  is  the  position  it 
must  eventually  take  wherever  taught.  In  the  absence  of 
a  laboratory  manual,  many  teachers  find  it  difficult  to  plan 
a  laboratory  course.  That  this  is  so  is  evident  from  the 
many  letters  that  the  author  receives  on  the  subject.  With 
this  in  mind,  a  series  of  Suggestions  is  appended  to  nearly 
every  chapter,  and  one  appendix  is  devoted  to  maps  and 
laboratory  equipment,  another  to  held  work.  From  these 
suggestions  any  teacher  will  be  able  to  select  some  for  use. 
It  is  hoped  that  they  may  serve  as  an  incentive  to  additional 
laboratory  and  field  work.  <-'>*" 
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INTRODUCTORY. 

Man  is  vitally  dependent  upon  air,  water,  and  earth.  The 
air  supplies  oxygen  for  breathing  and  for  fire ;  it  supplies 
carbon  dioxide  to  plants ;  it  brings  vapor  for  rain ;  and  its 
presence  and  movements  profoundly  affect  climate. 

The  ocean  is  the  source  of  vapor ;  it  furnishes  many  kinds 
of  food  fish ;  it  is  the  highway  of  an  ever  increasing  com- 
merce ;  and  it  influences  the  climate  of  every  land. 

The  lands  furnish  a  home  for  man ;  they  are  mantled  with 
a  soil  in  which  the  food  plants  grow ;  and  from  the  rocks  are 
obtained  mineral  fuels,  building  stones,  and  metals.  Both 
plant  and  animal  life  are  greatly  influenced  by  the  forms 
of  the  land  and  the  distribution  of  land  and  water. 

The  sun  is  also  of  vital  importance,  for  its  heat  and  light 
make  life  on  the  globe  possible.  The  heat  sets  the  air  in 
motion,  forming  winds  which  bring  rain,  modify  climates, 
and  start  waves  and  currents  in  the  ocean. 

The  movements  of  the  earth  —  rotation  and  revolution  — 
are  also  important.  Rotation  brings  day  and  night,  which 
influence  the  habits  of  men,  animals,  and  plants.  Revolu- 
tion causes  seasons,  which  have  a  still  greater  effect  on  life. 

Plants,  animals,  and  mankind  have  adapted  themselves  in 
a  wonderfal  manner  to  the  soil,  climate,  and  other  features  of 
their  surroundings.     Most  animals  and  plants  live  either  in 
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the  water  or  on  the  laud ;  but  some  have  adopted  the  air 
as  their  home,  while  others  have  takeu  to  life  underground, 
though  always  near  tlie  surface. 

Air  and  water  are  ever  changing ;  the  lands  are  also 
changing,  though  more  slowly ;  and  plants  and  animals  are 
varying  in  their  relation  to  air,  ocean,  and  land.  These 
changes  have  a  profound  effect  on  man,  and  it  is  therefore 
important  to  study  about  them. 

Such  a  study  is  known  a-s  Physical  Geography,  which  may 
be  defined  as  the  study  of  the  physical  features  of  the  earth 
and  their  influence  on  man. 
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CHAPTER  I. 

TBB  BARTH  AS  A  PI.ANBT. 

1.  Shape  of  the  Earth.  —  Wheo  we  look  at  the  full  moon 
we  see  clearly  that  it  is  a  sphere  in  the  heayeos  (^^g-  2). 
If  we  could  stand  on  the 
moon  and  look  at  the 
earth,  we  would  see  that 
it,  too,  is  a  sphere.  But 
the  earth  is  a  much  lai^r 
sphere  than  th^  moon 
(Fig.  S). 

Over  two  thousand  years 
ago  it  was  known  that  the 
earth  was  a  sphere;  but 
this  was  later  forgotten, 
and  for  a  long  time  the 
earth  was  believed  to  be 
flat.     Before  the  time  of  _.       __ 

Columbus,  navigators  im- 
agined all  sorts  of  terrors  at  the  edge  of  a  fiat  earth ;  and 
Columbus  had  difficulty 


Cam 


in  finding  sailors  who 
willing  to  face 
/^         \  \    these  imaginary  terrors. 

lx«,ntiio\  nx  Columbus's    voyage 

\^       y  j   helped    to    bring    into 

prominence      the      old 

proofs    that    the   earth 

is  a  sphere. 
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"So  matter  wbere  one  may  stand  on  the  seashoie,  or  on  a  vessel 

in  the  open  ocean,  he  may  find  proof  that  the  earth's  surface  is 
curved  (Fig.  4).  The 
sails  and  smoke  of 
distant  ships  are  seen 
while  the  hulls  are 
hidden  behind  the 
curvature  of  the 
earth(FJg.6).  Asthe 
ship  comes  nearer, 
Fia.  4.— Th6  curved  ocewi  surface,  more  and  more  of  it 

is  seen.     This  does 

not  prove  that  the  earth  is  a  sphere,  for  other  curved  bodies, 

such  as  an  egg-shaped  one,  would  produce  the  same  effect. 
That  the  earth  is  spherical 

is  now  proved,  and  its  size  and 

exact  form  have  been  meas- 
ured by  scientists.    Travelers 

have  gone  around  it  in  various 

directions,  and  it  is  known 

how  far  one  must  travel  to 

return  to  the  starting  point. 

Among  the  proofs  that  the 

earth  is  a  sphere,  and  one 

known  to  the  ancient  Greeks, 

is  that  furnished  by  eclipses  of 

the  moon.    Such  an  eclipse  is 

caused  by  the  earth's  shadow 

thrown  on  the  raoon  when   . 

the  earth  comes  between  the 

sun  and  moon.    This  shadow 

is  always  bounded  by  part  of  a  circle  (Fig.  6).    If  the  earth  were 

not  a  sphere  this  could  not  be  bo,  for  in  some  positions  its  outline 

would  be  certain  to  show  the  true  form. 


^^ 
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The  eartli  is  not  an  exact  sphere,  for  the  diameter  at  the  equator 
18  7926  miles,  and  at  the  poles  7899.  This  difference  in  the  two 
diameters  is  due  to  a  slight  flattening  at  the  poles.  Such  a  slightly 
flattened  sphere  is  called  an  oblate  aphtroid.  Compared  to  the 
earth  as  a  whole  this  flattening  is  so  slight  that  it  cannot  be  shown 
on  an  ordinary  glohe. 

SniDiiuzy. —  The  eanh  is  a  slightly  flattened  spkere,  or  oblate 
spherxnd.  Its  curved  surface  can  be  seen  on  the  ocean ;  eclipses  of 
Ike  moon  prove  that  it  is  a  sphere;  its  size  and  shape  have  been 
Keasured;  and  the  distance  around  it  in  all  directions  is  knoum, 

2.    Other  Spheres.  —  The  earth  is  only  one  of  a  great  num- 
ber of  spheres  in  space.     The  nearest  of  these  is  the  moon, 
vhoBe    a%-erage   distance   is 
sbont   240,000   miles.     All 

are  also  spheres, 
than  the  moon, 

18  of  miles  away. 

ite  of  an  express 

Duld  take  tens  of 

of  years  to  reach 

:  star.    These  stars 

iry  hot;   but  the 

cold  mass  of  rock. 

ige    Bun,    another 

I  star  with  a  diam-     rm.  T.-To  dww  tbe  great  dze  of  tho 
eter  of   860,000  miles   (Fig.  bdd.    The  eanb,  moon,  Knd  orbit  of 

J  f.       Its     average     uisiance  q^  gn^_  ^  gbown. 

from  the  earth  is  92,750,000 

miles,  and  yet  it  is  so  hot  that  heat  and  light  from  it  cross 
that  distance,  making  life  on  the  earth  possible. 

The  sun  ia  the  center  of  a  family  of  spheres  which  form 
the  wlar  B^stem,  In  this  system  there  are  eight  large 
spheres  called  planets,  of  which  the  earth  is  one.  The  sun 
and  stars  shine  by  their  own  light ;  but  the  planets  merely 
reflect  sunlight,  as  the  moon  does.     The  bright  evening  and 
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morning  ^'stars''  are  planets,  like  the  earth.  From  one  of 
them  the  earth  would  be  seen  to  have  the  same  steady,  bright 
light  that  they  show  to  us. 


Jill 


Some  of  the  planets  are  far  more  distant  than  the  sun  (Fig.  8), 
Neptune,  the  most  distant  o£  all,  being  over  2,700,000,000  miles. 
How  distant  that  is  may  perhaps  be  understood  by  the  following 
illustration.  If  an  express  train  could 
have  started  toward  Nei)tune  in  the 
time  of  Christ,  and  have  traveled 
steadily  onward  day  and  night  at 
the  rate  of  sixty  miles  an  hour,  it 
would  not  yet  be  halfway  there. 

Not  only  are  the  planets  far  away, 
but  some  of  them  are  very  large 
(Figs.  9,  10).  Jupiter,  the  largest, 
is  86,000  miles  in  diameter.  In  the 
space  between  Mars  and  Jupiter  there 
are  also  a  number  of  very  small 
spheres,  called  aateroida.  The  largest 
is  about  600  miles  in  diameter. 

Summary.  —  0(Afir  spheres  besides 
the  earth  are  the  stars,  sun,  moon, 
planets,  and   asteroids.      The   moon 
atid  planets  are  cold,  and  shine   bt/ 
Fia.9.— ToBhowtherelattTeslie     rejiected  light;  the  stars  and  sun  are 

milea.  includes  the  siin,  moon,  jAanets,  and 

asteroids,  the  largest  sphere  is  the  sun, 
the  largest  planet  JupUer,  and  the  most  distant  planet  Neptune, 
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3.  Movements  of  the  Splieres.  —  Little  is  kDown  about  the 
motioDs  of  the  diatant  stars.  But  all  the  planets  whose 
moTemeots  are 
known  have  been 
found  to  turn,  or 
rotate,  on  an  axis. 
The  earth  takes 
one  day  for  rota- 
twn;  the  sun  over 
25  days ;  Jupiter 
9  hours,  55  min- 
ntes ;  the  moon 
27^  days. 

AH  members  of 
the    solar    system 
also  travel,  or  re- 
volve, around    the  f'"™"-- 
sun.    This  revolution^  is  along  a  nearly  circular  path,  or 
<»r6ft.     The  orbit  is  not  an  exact  circle,  but  an  ellipte  (Fig. 
11),  and  the  sun,  instead  of  being  at  the  center,  is  a  little 
to  one  side,  at  one  of  the  foci  of  the  ellipse.     This  causes 

Othe  earth  to  be 
nearer  the  sun 
at  one  season 
(over  91,000,000 
miles)  than  in  the 


—  Totbov  tlierelatlTedzeot  thefouilMfei 


miles)  t 

opposite  (over  94,- 
000,000  miles), 
when  it  reaches 
the  other  end  of 
the  ellipse.  The 
earth  requires  a 
little  over  365  days,  or  one  year,  to  make  a  complete  revo- 
lution around  the  sun. 

1  For  fuller  tnatment  o(  rerolation,  see  Appendix  A. 


IK-  II.  — A  drcle  (on  left)  and  elllpM  (od  Tight). 
fiBd  the  ceoler  of  the  circle  (C)  uid  the  foci  of 
thaelllpee  irf). 


Fio.  12.  —  Time  of  revolution  of  the  pluieta. 
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Mercury,  tbe  Bmallest  and  nearest  of  the  planets  (Figs.  8,  0), 
requires  only  88  days  for  a  single  revolution.  What  is  the  time 
required  by  the  other  planets  (Fig.  12)  ? 

Several  of  the  planets  have  moons.  The  word  aeUeUite,  mean- 
ing follower,  is  given 
to  these  smaller 
spheres  because  they 
follow  their  planed 
in  their  revolution 
around  the  sun.  The 
earth  has  one  moon; 
no  moons  have  been 
discovered  for  Mer- 
cury or  Venus;  bat 
Saturn  has  eight.  It 
is  believed  that  each 
satellite  rotates  on  an  asis  and  revolves  in  an  ellipse  around  its 
planet.  The  moon  makes  one  revolution  around  the  earth  in 
about  27^  days. 

Summary.  —  So  far  as  Jcnowm,  all  the  planets  rotate  on  axes,  and 
ail  revolve  around  the  sun  in  eitiptical  orbits.  The  periods  of  rota- 
tion and  revolution  differ.  Satellites  accompany  several  of  the 
planets. 

4.  Rotation  of  the  Earth.  —  Many  uninformed  people  believe 
that  the  sun  rises,  passes  through  the  heavens,  and  sets  in 
the  west.  Our  own  ancestors,  centuries  ago,  held  the  same 
belief.  We  still  use  their  terms,  tunrise  and  sunset,  though 
we  well  know  that  it  is  the  turning  of  the  earth  on  its  axis 
that  makes  the  sun  appear  to  rise  and  set.  In  looking  from 
the  window  of  a  train  it  sometimes  seems  as  if  objects  were 
passing  by,  while  it  is  really  you  yourself  that  is  moving. 
In  the  same  way,  aa  the  earth  turns  with  us  toward  the  east, 
the  sun  seems  to  travel  in  the  opposite  direction. 

The  rising  and  setting  of  the  moon,  and  the  apparent  move- 
ments of  the  stars  at  night,  are  also  due  to  the  earth's  rotation. 
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Find  the  North  Star  by  following  the  pointers  on  the  outer  side  of 

the  Great  Dipper  (Fig.  }3).    Notice  th&t  it  does  not  move  at  night, 

but  that  the  Dipper  aud  other  stars  seem  to  swing  around  it. 

The  farther  a  star  is  from  the  North  Star  the  greater  the  circle 

through  which  it  swings,  those  far  jm«j[». 

away  rising  in  the  east  and  setting 

in  the  west.    It  used  to  be  thought 

that  the  sky  was  a  great  dome 

with  stars  set  in  it,  a  few  miles 

from  the  earth,  and  that  it  slowly 

swung   around    the   earth.      We 

now  know  that  the  earth's   axis     * 

points  toward  the  North  Star  and 

that,  as  the  earth  turns,  it  causes  ''^-, 

the  stars  to  appear  to  swing  round  ^^ f 

the  North  Star.  '.  / 

Snmmary.  —  B    totu  formerly  ' 

thimghi  thai  the  tun,  moon,  and  laars 
moved ;  we  now  know  that  these 
apparent  movemenia  are  caused  by  the  earth's  rotation.  The  axia 
of  the  earth  points  toward  the  North  Star;  therefore  the  other  stars 
teem  to  circle  round  it. 

5.  Effects  of  Revolution  and  Rotation.  —  Rotation  of  the 
earth  has  given  the  basis  for  our  computation  of  time.  Thus, 
we  reckon  a  day  as  the  period  required  for  one  rotation 
(24  hours).  The  day  ia  divided  into  hours,  each  hour  being 
the  time  required  for  the  sun's  rays  to  advance  16°  over  the 
curved  surface  of  the  rotating  earth.  By  rotation,  also,  the 
day  is  divided  into  a  period  of  light  and  one  of  darkness. 
Name  some  habits  of  plants,  auimals,  and  men  that  are  de- 
termined by  this  effect  of  rotation. 

Revolution  of  the  earth  is  also  a  matter  of  the  highest 
importance.  By  it  another  standard  of  time,  the  year,  is 
fixed.  Revolution  also  causes  an  apparent  movement  of 
the  Bun,  by  which  it  rises  and  sets  farther  north  or  south 
at  different  times.      These  changes  in  th^  sup's^{G«iti,on, 
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which  cause  the  seftsons,  have  determined  some  o£  man's 
most  oharacteristic  habits.  Name  some  ways  in  which  revo- 
lution affects  you,  —  your  home,  clothes,  foods,  and  games. 
Recall  from  your  study  of  geography  how  revolution  affects 
the  habits  of  the  Eskimos. 

Samnury.  —  Rotation  d^erminea  the  length  of  our  day,  causes 
(fay  and  night,  and  inflvences  our  habits.  Revolutum  gives  us  our 
year,  our  aeamns,  and  also  profoundly  affects  oar  habits. 

6.  Gravity  and  Gravitatloa.  —  The  earth  exerts  on  all 
bodies  upon  it  an  attraction  which  we  call  gravity.  By 
gravity  men  are  held  to  the  surface  of  the  earth;  a  stone 
thrown  into  the  air  is  drawn  back  to  the  earth ;  the  air  is 
prevented  from  flying  away  into  space;  and  the  oceans  are 
held  in  place.  It  gives  to  the  ocean  a  curved  surface,  be- 
cause each  particle  of  water  is  attracted  toward  the  center 
of  the  sphere.  Each  part  of  this  curved  surface,  or  sea 
level,  is  at  right  angles  to  a  line  leading  toward  the  earth's 
center. 

Bodies  in  space  also  exert  an  attraction  on  other  spheres. 
For  example,  the  moon  exerts  an  attraction  upon  the  earth, 
and  the  earth  upon  the  moon ;  but  the  earth,  being  larger, 
has  the  stronger  effect.  This  attraction  of  bodies  in  space  is 
called  the  attraction  of  gravitation. 

Gravitation  is  the  bond  that  holds  the  earth  and  other 
planets  to  the  orbits  along  which  they  travel  about  the  sun. 
If  it  could  be  possible  for  the  sun  to  lose  its  attraction  of 
gravitation,  the  earth  would  fly  off  into  space,  as  a  stone 
whirled  by  a  string  flies  away  if  the  string  breaks.  Gravita- 
tion also  holds  the  moon  so  flrmly  that  it  swings  around  the 
earth  with  such  regularity  that  its  position  a  thousand  years 
from  now  can  be  accurately  foretold.  The  law  of  gravita- 
tion was  discovered  over  two  ceuturies  ^o  by  Sir  Isaac 
Newton ;  yet  even  now  no  one  knows  exactly  what  causes 
it  nor  why  it  operates  in  the  universe. 
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Held  by  gravitation,  the  eartli  is  able  to  travel  aloag  its  orbit  of 
600,000,000  miles  each  year  at  a  rate  of  over  1000  miles  a  minute. 
At  the  same  time,  it  is  whirling  on  its  axis  so  rapidly  that  a  per- 
son on  the  equator  is  moving  at  the  rate  of  17  miles  a  minute.    We 
are  not  aware  of  these  rapid  movements,  because  the  land,  water, 
and  air  go  with  us.      Even  when  traveling  on  a  noisy  railway 
train,  we  sometimes  forget  that  we  are  muving.     But  the  earth 
moves  without  jar  or  noise,  and  there  are  no  near-by  objects  for 
us   to   swiftly  pass; 
therefore,  for  many 
generations  men  did 
noteven  suspect  that 
they  were  moving  at 
aU. 

Snmnuiy.  —  Orav- 
ity  ia  the  attraction 
Ihal  holds  objects  to 
the  earth;  it  causes 
the  curved  turfaee 
called  sea  level. 
OravUation,  discov- 
ered by  Newton,  is 
the  attraction  exerted 
on  one  another  fty 
bodies  in  space  and 
bn  ichich  the  spheres 
are  hdd  to  their  orbits. 

7.  Heat  In  the 
Solar  SyBtem. — 
The  sun  is  the  only 
member  of  the  solar     Fio.  U.  — Craters  on   the  mooD,   Bfemlng:  to  Itidi- 

.y.te„  that  i.  hot    rd,r :;  z'fir-"""  '■""  *  "■"' 

enough    to    glow ; 

but  in  past  ages  the  other  members  have  apparently  also  been 
hot.  Jupiter  appears  still  to  be  so  warm  at  the  surface 
that  the  water  rises  in  clouds  of  steam.     The  earth,  is  ijold 
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at   the   surface,  but  hot  within  (p.  17);   the  small  moon, 

though  now  cold,  was  apparently  once  hot  within. 
The  heat  of  the  sun  is  so  great  that  even  mineral  subatances 

exist  in  the  form  of  gases.  This  white  hot  sun  is  slowly  cool- 
ing by  radiating  its 
heat  off  into  space ; 
but  a  few  small 
points,  of  which  the 
earth  is  one  (Fig. 
15),  intercept  a 
minute  portion  of 
these  rays,  on  which 
animal    and    plant 

FiQ.  16.— To  llluBtrate  the  very  emM  proportion  of    ^^^  depend. 

tre^rJ^'"^""* '"'""'"  """"^"^"^  With  great  Speed 
these  rays  cross  the 
93,000,000  miles  that  separate  us  from  the  sun.  They  reach  the 
earth  in  about  8  minutes,  while,  at  the  rate  of  a  fast  express 
train,  175  years  would  be  required.  The  distant  planet  Neptune 
doubtless  receives  too  little  heat  for  life;  Mercury  is  so  near 
that  it  perhaps  receives  too  much;  but  the  earth  is  so  favorably 
situated  that  it  receives  neither  too  much  nor  too  little.  As 
the  sun  cools  down  to  a  red  heat,  in  some  far-distant  future  age, 
life  on  the  earth  will  no  longer  be  possible, 

Smninary.  —  The  members  of  the  solar  system  show  signs  of 
heat,  either  past  or  present.  Ileai,  radiated  fi-om  the  whUe  hot  sun, 
passes  rapidly  across  space;  and  some  of  it,  reaching  the  earth, 

makes  life  possible. 

Topical  Outline,  Quebtiohb,  akd  Suooebtioks. 

Topical  Outlinb. — 1.  Slup«  of  Earth.  —  Former  belief;  proofs  of 
roundneaa ;  exact  shape ;  length  of  diameters. 

2.  Other  Spherea.  — The  moon;  stars;  aun;  aolar  ayst«m;  rel&tivs 
size  of  planets ;  relative  distance;  asteroids. 

S.  lIevenient8o£theSpbet«8.—(n)  Rotation:  timerequired.  (6)  Revo- 

■ i_^■^ 
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ration !  nature  of  path ;  eflect  on  distance  from  sun  to  earti  ;  time  re- 
quired,    (e)  Satellites:  meauing  of  name;  number;  movemeuU. 

4.  Rotation  of  the  E«rtb. — Apparent  movement  of  sun;  former  belief ; 
real  explanation ;  movements  of  stars;  explanation. 

5.  Efieeta  of  Kotation  and  fievolntiDo. —  (a)  Rotation;  effect  on  divi- 
sions of  time;  on  day  and  night;  on  habits  of  man.  (6)  Bevolution: 
effect  on  division  of  time  ;  on  seasons  ;  on  habits  of  man. 

6.  Gravity  and  Gravitation.  —  (a)  Gravity:  nature;  eSeot«;  natnreof 
aea  level.  (A)  Gravitation:  nature;  movements  of  moon  and  planetsi 
discovery  by  Newton,     (c)   Rapid  movements  of  earth. 

7.  Heat  in  the  Solai  System.  —  (it)  Evidence  of  heat  in  the  solar  sys> 
tem.  (6)  Sun's  heat;  condition  of  sun;  rate  of  passage  of  rays;  pro- 
portion received  by  earth ;  other  planets ;  effect  of  future  cooling  of  sun. 

QuEaTioKs.  —  Section  1.  What  was  formerly  lielieved  concerning  the 
■bape  of  the  earth?  What  proof  is  there  that  the  earth  is  spherical? 
What  is  its  exact  shape?    Give  its  two  diameters. 

2.  What  other  kinds  of  spheres  are  there  ?  How  do  planets  and  stars 
differ?  What  is  the  solar  system?'  Wiiat  are  asteroids?  Give  the  dis- 
tance from  the  sun  to  each  of  the  planets  (Fig.  8).  Name  the  planets 
in  the  order  of  their  eize  (Figs.  9  and  10). 

8.  What  important  movements  have  the  planets?  State  the  differ, 
esoe  in  time  of  rotation.  Of  revolution.  What  is  the  distance  from 
earth  to  sun  at  opposite  seasons?  Why  this  difference?  Give  some  facts 
about  satellites. 

4.  What  was  formerly  thought  regarding  the  daily  movement  of  the 
■nn?  What  is  now  known  to  be  the  cause  of  it?  Describe  the  move- 
ment of  the  stars,  and  explain  them. 

5.  What  are  the  important  effects  of  rotation  ?    Of  revolution? 

6.  What  is  gravity?  Give  examples  of  its  effects.  What  is  the 
attraction  of  gravitation?  What  effect  has  this  upon  revolution?  Why 
are  the  earth's  movements  not  more  noticeable  7 

7.  What  is  the  evidence  of  heat  in  the  members  of  the  solar  system? 
What  change  is  going  on  in  the  sun  ?  What  effect  has  that  on  the 
earth?  Why  is  there  probably  no  life  on  Neptune  or  Mercury?  At 
what  rate  does  sunlight  travel? 

SnoaGBTiOHB.  —  ThtK  tuggestiimi  are  made  ralhtr  freely,  though  it  is  not 
eipeeted  that  any  Khool  wUi  find  it  feasible  to  carry  out  all,  or  even  a  majority. 
From  among  Ikem,  howeixr,  ecery  teacher  will  find  it  postihle  to  netect  »ome. 
(1)  Carefully  examine  tlie  moon  and  note  its  roundness.  If  possible, 
look  for  the  craters  through  a  telescope  or  spyglass.  (3)  U  an  eclipse  of 
the  moon  comes  during  the  year,  observe  it  and  note  the  circular  outline 
of  the  earUi'B  shadow.     (3)  With  a  lamp,  throw  on  the  wall  the  shadow 
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of  a  ball  in  various  pcaitions.  Do  the  same  with  a  cylinder;  with  a 
square.  Which  always  shows  one  kind  of  outline  7  (4)  A  period  devoted 
to  the  meaning  of  scale  may  be  cambined  with  a  study  of  the  size  and  dis- 
tance of  the  membei's  of  the  solar  systeia.  This  can  be  done  with  profit 
by  cutting  disks  out  of  brown  paper  to  represent  the  planets  (say  on  a 
scale  of  one  inch  for  r>000  miles) ;  and  marking  off  distances  in  the  school 
yard  (say  on  a  scale  of  one  inch  for  200,U00  miles)  to  represent  distances. 
(6)  Take  a  string  five  feet  long  with  a  loop  in  the  end.  Put  the  loop  over 
anail  driven  in  the  floor.  With  a  piece  of  chalk  at  the  other  ead  of  the 
string  draw  a  circle.  Now  drive  another  nail  two  inches  from  the  fint. 
Take  a  string  ten  feet  long  and  tie  the  ends.  Put  it  over  the  two  nails, 
and  with  chalk  held  in  the  loop  draw  a  figure  as  near  a  circle  as  you 
can.  It  will  not  be  a  circle,  but  an  ellipse.  If  you  put  the  two  nails  (the 
foci)  farther  apart,  say  six  inches,  the  ellipse  will  be  still  less  like  a  circle. 
(6)  Rotate  a  globe  or  apple  in  front  of  a  light  to  understand  the  cause 
of  day  and  night.  (T)  Observe  the  stars  of  the  Great  Dipper  and  the 
North  Star  at  8,  9,  and  10  o'clock.  What  changes  do  you  notice? 
(8)  Compare  the  movements  of  a  planet  in  the  heavens,  say  the  evening 
"star,"  with  that  of  a  neighboring  star.  Why  the  difference?  (9)  With 
a  telescope  look  for  the  moons  of  Jupiter  and  the  rings  of  Sstum. 
(10)  What  are  shooting  stars  and  comets?  (11)  In  some  astronomy, 
read  about  the  sun  and  the  planets.  (12)  Find  out  what  Aristotle, 
Magellan,  and  Galileo  learned  about  the  earth. 

Kef«rence  Books.  —  Re/erenca  to  a  /em  tehcttd  hoois  are  placed  u/  iht 
end  of  each  chapter.  Other  reference  hookt  and  magazinei  are  listed  in 
Appendii  L,  Newcomb,  Elemenli'  nf  Astronomy,  American  Book  Co., 
New  York,  1000,  fl.OO;  YoUNO,  Manual  of  Astronomy,  Ginn  &  Co., 
Boston,  190S,  92.45;  Todd,  Neat  Astronomy,  American  Book  Co.,  New 
York,  1897,  91.30;  Lockver,  The  Chemistry  of  the  Sun,  Macmillan  Co., 
New  York,  1S67,  »1.50. 
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CHAPTER  II. 

OEBISRAL  TBAXUREB   OF  THE  EARTH.' 

There  are  three  quite 
different  parts  of  the 
"earth :  (1)  the  solid 
earth ;  (2)  the  liquid 
ocean  which  partially 
covers  the  solid  earth ; 
and  (3)  the  gaseous 
envelope,  or  atmosphere. 

B.  The  Atmosphere.^ 
—  There  is  aome  air  at 
a  height  of  200  or  300 
miles  from  the  earth; 
but  most  of  it  is  within 
a  few  miles  of  the  sur- 
face. The  air  is  a  mix- 
ture   of  transparent .  .„    .  . 

-■^  miles  neing  i  one  oi  cna  greatest 
gases,  mainly,  oxygen  ocean  depUu, 
and  nitrogen,  whose  « 
presence  on  every  band  we  hardly  real-  a  ize.  Yet  our 
every  breath  draws  it  in  for  the  pur-  "^  pose  of  supply- 
ing life-giving  oxygen.  Though  it  «  cannot  be  seen, 
we  feel  its  presence  when  the  wind  w  blows,  or  when 
moving  rapidly  through  it.  [ 

There  are  many  ways  in  which  the  air  is  of  high  importance. 
All  plants  and  animals  depend  upon  its  gases  for  life.    Its  oxygen 

>  For  Ifttitnde  and  longitude,  see  Appendii  B  ;  tor  maps,  see  Appendix  I. 
*@ee  also  Chatter  XII. 
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causes  fire  to  bum,  and,  by  a  slow  combiistioD,  causes  decay  of 
animal  and  plant  tissues.  It  diffuses  light  and  heat  from  the 
sun,  and  transmits  the  sound  waves  upon  which  hearing  depends. 
Winds,  which  bear  vapor  ind  warm  and  cold  air  from  place  to 
place,  are  a  result  of  its  movement  For  many  cepturiea  the  wind 
has  been  used  for  driving  ships  through  the  water  and  for  turn- 
ing windnulls  on  the  land. 

The  surface  of  the  earth  itself  is  profoundly  modified  by  the 
influence  of  the  air.  Winds  move  loose  fr^ments  about  and 
wear  the  rocks  away,  especially  in  desert  regions.  Bains,  made 
possible  by  vapor  in  the  air,  give  rise  to  streams,  which  carve* 
channels  in  the  land  and  bear  rock  fragments  to  the  sea.  Waves, 
which  winds  form  in  the  ocean,  batter  at  the  rocky  seacoast 
Even  quiet  air,  by  the  action  of  its  water  vapor  and  oxygen,  is 
causing  the  solid  rock  to  slowly  decay  and  crumble.  This  forms 
the  soil  upon  which  so  many  plants  depend  for  food. 

Somnury.  —  The  air,  composed  chiefly  of  oxygen  and  nitrogen, 
extend*  200  or  SCO  miVes  above  the  earth,  but  ts  inainlg  near  the  sur- 
face. Breathing,  Jire,  decay,  diffusion  of  light  and  heat,  hearing, 
mindt,  i-ain,  waves,  and  many  clianges  of  the  land,  indading  the 
formation  of  soil,  are  dependent  on  the  atmospliere. 

9,  The  Oceans.' — If  the  earth  were  a  perfect  sphere,  it 
would  be  entirely  covered  by  water  to  a  depth  of  several 
thousand  feet ;  but  the  surface  is  so  irregular  that  the  ocean 
is  not  able  to  completely  cover  it,  as  the  air. does.  It  has 
been  drawn  by  gravity  into  the  depressions  and  rises  high 
enough  to  cover  only  the  continent  margins  (Fig,  316). 

Nearly  three  fourths  of  the  solid  earth  is  hidden  from 
view  by  this  water  mantle,  the  area  of  the  oceans  being 
about  145,000,000  square  miles,  of  the  lands  about  62,000,000 
square  miles.  Near  their  contact  with  the  continents  the 
oceans  are  shallow;  but  far  from  land  the  water  is  deep. 
One  may  sail,  with  no  land  in  sight,  for  thousands  of  miles 
in  water  whose  average  depth  is  10,000  to  15,000  feet.     In 

I  See  also  Chapter  X 
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its  deepest  parts  the  ocean  has  a  depth  of  over  five  and  a 
Ikalf  miles. 

This  vast  expanse  of  water  is  of  great  importance  in  many 
ways.  It  is  the  seat  of  abundant  life,  many  forms  of  which 
are  of  auch  value  that  ships  are  sent  out  to  secure  them. 
C'nd,  halibut,  haddock,  bluefish,  salmon,  shad,  lobsters,  oysters, 
clams,  seals,  whales,  sponges,  peaii  oysters,  and  precious  corals 
are  among  the  ocean  animals  of  importance  to  man. 

For  a  long  time  the  ocean  was  an  almost  impassable  barrier  to 
the  spread  of  man;  but  as  men  learned  to  navigate  and  to  build 
strong  ships,  it  became  a  highway  instead  of  a  barrier.  To-day 
the  Atlantic  is  crossed  with  speed  and  comfort  in  five  or  six 
days;  leas  than  a  century  ago  this  journey  required  weeks  and 
was  one  of  peril.  To-day  communication  between  America  and 
Europe  is  easier  than  between  Rome  and  Athens  at  the  time  of 
the  Roman  Empire.  Ships  now  cross  the  oceans  in  all  directions, 
carryii^  merchandise  and  passengers  to  eveiy-  quarter  of  the 
globe.  The  harbors  from  which  these  ships  go  forth  have  be- 
come the  seats  of  great  cities,  prospering  by  their  commerce  and 
by  the  industries  to  which  it  gives  rise.  By  means  of  the 
ocean  highway,  too,  civilization  has  rapidly  spread  to  all  quarters 
of  the  globe. 

It  is  the  ocean  that  supplies  the  vapor  for  rain,  upon  which  all 
land  animals  and  plants  depend.  The  ocean  also  profoundly  in- 
fluences the  temperature  of  neighboring  lands,  moderating  the 
heat  of  summer  and  the  cold  of  winter.  Therefore,  lands  reached 
by  ocean  winds,  like' the  northwestern  coast  of  United  States  and 
Europe,  have  far  less  extreme  climates  than  lands  in  the  same 
latitude,  tike  central  and  eastern  United  States,  where  ocean  winds 
are  leas  common. 

Snmnuuy.  —  Tlie  ocean  occupien  depressions  on  the  earth's  Bur- 
face,  covering  three  fourths  of  the  globe  to  an  average  Aeplk  of 
10,000  to  15,000  feet.  Tlie  ocean  is  of  importance  as  a  sotiree 
itf  fbod-_fiakes,  and  other  valvable  animals;  as  the  seat  of  er 
tenglve  TUtvigation ;  as  the  source  of  vapor;  and  in  modifying 
climate. 
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10.  The  Solid  Eaith.  —  Near  the  continents  the  sea  floor  ia 
covered  with  sediment  washed  from  the  land  hy  rain,  rivers, 
and  waves.  Farther  out,  it  is  mantled  with  the  remains  of 
animals  that,  on  dying,  have  settled  from  the  water  above. 
Almost  everywhere  on  the  dry  land  there  is  a  layer  of  loose 
rock  fragments,  the  surface  part  of  which  is  called  soil.  Thus 
nearly  the  entire  earth  is  coveied  by  loose  materials. 

In  some  places  the  soil  has  been  brought  by  glaciers,  in 
others  by  rivers  ;  but  moat  of  it  has  been  formed  by  the  de- 
cay and  crumbling  of  the  rocks.  Were  it  not  for  this  soil 
most  of  the  plants, 
which  are  of  such 
use  in  supplying 
materials  for  food, 
clothing,  and  shel- 
ter, could  not 
grow.  The  soil 
offers  a  chance  for 
the  roots  to  pene- 
trate, seeking  wa- 
ter and  plant  food, 
and  also  holding 
the   plants  up- 

Fin.  IT.  —Rock  beLeath  the  soil.  right. 

Wherever  the 
soil  mantle  is  penetrated  to  great  enough'depth,  solid  rock  is 
found  beneath  it  (Fig.  17).  Sometimes  the  rock  is  several  hun- 
dred feet  beneath  the  surface;  but  it  is  usually  found  at  a 
depth  of  a  few  feet  or  a  score  or  two  of  feet.  In  places,  espe- 
cially among  mountains  or  on  other  steep  slopes,  there  ia  no 
soil-cover  at  all.  As  the  rock  decays  in  such  situations,  the 
fragments  fall  away  so  quickly  that  soil  cannot  accumulate. 
The  rock  that  is  everywhere  found  beneath  the  soil  varies 
greatly  from  place  to  place,  often  consisting  of  materials 
which  are  of  great  use  to  man.     In  some  places  it  is  sand- 
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Btone  or  granite,  useful  for  building  purposes ;  in  other  places 
it  ifi  limestone,  valuable  for  building,  for  making  lime,  or  for 
use  in  blast  furnaces.     In  various  parts  of  the  world,  layers  of 
coal  are  found  bedded  with  the 
rocks ;   and  thera  are  deposits 
of  iron  ore,  salt,  and  other  sub- 
stancesj  also  veins  of  lead,  zinc, 
silver,  gold,  and  other  metals. 

Summary.  — 7^  solid  earth,  like 
the  aiT  and  ocean,  is  of  great  im- 
portance to  man.  Jtfumiskes  kim 
with  a  home;  it  is  aimost  every- 
where  covered  with  a  soil  mantle, 
in  which  food  and  other  plants 
grow;  evergtckere  beneath  the  goil 
mantle  is  found  solid  rock,  from 
which  many  valuable  mineral  sub- 
Stattces  are  obtained. 

U.  The  Earth's  Interior.  — 
From  river  valleys,  tunnels, 
quarries,  mines,  and  well  bor< 
ings  many  facts  have  been 
learned  about  the  outer  part 
of  the  solid  earth.  But  this 
knowledge  tells  little  about 
the  great  interior.  However, 
astronomers  have  shown  that, 
while  the  outer  part  of  the 
earth  is  from  2  to  3  times  as 
heavy  as  water,  the  interior  is 

6  to  10  times  as  heavy.    It  is  per-   '""'■  '*■ — To  »bow  the  relative  thick- 
,  ,        r         .    t  oess  at  the  alt  and  lolid  earth, 

naps  made  of  metal. 

Several  facts  indicate  that  the  interior  is  highly  heated : 
there  are  hot  springs ;  volcanoes  erupt  melted  rock ;  and 
mines  show  an  increase  in  temperature  of  1°  for  every  60 
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or  60  feet  of  descent.  If  this  increase  continues,  the  melt- 
ing point  of  rocks  must  be  reached  at  no  great  depth. 

It  was  formerly  believed  that  beneath  a  thin  outer  crust 
the  interior  was  molten;  but  it  is  now  considered  certain 
that,  though  very  hot,  the  interior  is  solid.  We  still  use  the 
term  earth't  crutt,  however,  for  the  cold  outer  portion  of  the 
earth.  There  are  a  number  of  reasons  for  the  belief  that 
the  interior  is  solid :  (1)  if  it  were  liquid  there  would  be 
tides  in  it ;  (2)  the  behavior  of  the  earth  toward  other 
spher0s-,iB  that  of  a  solid  body  ;  (3)  earthquake  shocks  in 
Japan^have  been  measured  by  delicate  instruments  in  Eng- 
land, and  the  time  of  passage  indicates  a  solid  interior. 

It  is  a  well-known  fact  that  greater  heat  is  required  to 
melt  most  substances  under  pressure  than  without  pressure. 
It  is  believed,  therefore,  that  the  interior  of  the  earth  is  pre- 
vented from  melting  by  the  tremendous  weight,  or  pressure, 
of  the  rocks  that  rest  upon  it.  At  a  depth  of  six  miles 
the  pressure  is  great  enough  to  crush  rocks ;  and,  therefore, 
deep  in  the  earth,  below  this  upper  portion,  or  zons  offracturet 
cavities  cannot  exist. 

The  interior  heat  is  one  of  the  arguments  in  favor  6f  the  belief 
that  the  earth  was  once  a  still  hotter  body  (p.  9),  probably  part 
of  a  nebula,  from  which  the  sun,  earth,  moon,  and  the  other  mem- 
bers of  the  solar  system  have  descended.  The  earth  is  still  posing 
heat;  but  it  is  so  large  that  many  ages  more  will  be  required  to 
make  it  completely  cold,  like  the  smaller  moon. 

Summary.  —  Several  facl«  indicate  thai  the  interior  of  the  earth  u> 
highly  heated,  and  it  vxis  formerly  thought  to  be  molten;  biU,  for  a 
number  of  reasons,  it  is  now  believed  to  be  solid,  though  hot,  being 
prevenied  from  melting  by  the  pressure  upon  U. 

12.  Air,  Water,  and  Rock.  —  At  ordinary  temperatures  the 
air  is  a  mixture  of  gases ;  but  with  great  cold  and  pressure 
these  gases  may  be  changed  to  a  liquid  and  even  to  a  solid 
state.     Water,  ordinarily  a  liquid,  changes  at  32°  to  a  solid, 
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and  at  212"  to  a  gas ;  in  fact,  some  water-vapor  gas  rises  from 
water  at  ordinary  temperatures.  Rock,  as  we  know  it,  is  a 
solid ;  but  volcanoes  show  that  under  higher  temperatures  it 
becomes  a  liquid ;  and  in  the  very  hot  sun,  some  of  the  rock 
elements  are  so  hot  that  tbsy  are  in  the  state  of  gases. 
From  this  it  is  seen  that  the  temu  gat,  liquid,  and  solid 
apply  merely  to  ttatea  of  matter.  When  the  conditions 
change,  any  one  of  these  states  of  matter  may  bo  altered  to 
one  of  the  other  states. 

The  three  earth  materials  —  air,  water,  and  rook — hav^been 
spoken  of  as  if  they  were  quite  separate;  but  really  ttley  are 
closely  related  and  mingled.  There  is  not  much  rock  material  in 
the  atmosphere,  though  volcanic  dust  is  often  borne  long  distances 
in  it;  and  the  haziness  of  the  air  is  partly  due  to  dust  blown  up 
from  the  ground.  Water  vapor  is  mixed  with  all  air,  even  that 
of  the  driest  deserts. 

Water  also  pervades  the  earth's  crust,  entering  even  the  densest 
rocks.  Wells  reach  it  and  supply  drinking  water  ;  it  slowly  oozes 
from  the  ground  in  springs;  miners  find  it  far  below  the  anrface; 
and  volcanic  eruptions  bring  vast  quantities  of  it  to  the  surface. 
In  cold  climates  it  is  frozen,  changing  the  soil  to  a  solid,  rocklike 
mass.  In  northern  Siberia  the  ground  is  permanently  frozen  to 
a  depth  of  several  hundred  feet.  That  air  also  enters  the  ground 
is  proved  by  the  fact  that  many  plants  die  for  lack  of  it  when 
their  roots  are  submerged. 

Air  is  also  mixed  with  water.  If  a  fish  is  placed  in  water 
from  which  the  air  has  been  expelled,  it  will  die  because  there  is 
no  oxygen  for  it  to  breathe.  All  water,  on  the  land  or  in  the  sea, 
bears  mineral  substances  in  solution;  and  rock  fragments  min- 
gled in  suspension  are  also  present  in  water. 

Snmnif ry.  —  A  ir  (gas),  miter  (liquid),  and  rock  (solid)  may  each 
be  changed  to  one  of  the  other  states  of  matter.  They  are  mingled  : 
there  i>  earth  material  and  water  vapor  in  the  air ;  air  and  tixUer  in 
the  earth  ;  and  air  and  rock  material  in  the  water. 

13.  IrregularitleB  of  the  Earth's  CniBt.  —  While  the  earth 
18  a  huge  sphere  flattened  at  the  poles,  ibj  outline  is  far  from 
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regular.  Its  surface  is  roughened  by  a  series  of  contineat 
elevations,  between  which  are  broad  depressions,  occupied  by 
the  oceans.  The  ocean  depressions  average  10,000  to  16,000 
feet  in  depth ;  but  the  average  height  of  the  lands  above  sea 
level  is  only  2000  to  3000  feet."  Fully  three  fourths  of  the 
^„„  ocean  bottoms  are 

^  ^  broad  expanses  of 

plain;  and  much 
"'""  more    than    halt 

"*  "^  the  land  is  either 

H,oMn  plain   or  plateau 

»,«.n  (Figs.  19,21). 

Mountain 
chains  and  volca- 
noes rise  high 
above  the  general 
level  of  both  sea  bottom  and  land.  The  Hawaiian  Iiilands 
are  volcanic  cones  on  a  submarine  mountain  fold  fully  1500 
miles  in  length ;  and  the  Japanese  Islands,  Philippines,  and 
West  Indies  are  also  mountain  chains  rising  from  the  sea  floor. 
It  is  among  the  mountain  chains  of  the  land  that  the  great- 
est elevations  on  the  globe  are  found.  In  the  Andes  there 
are  peaks  that  are  over  40,000  feet  above  the  sea  bottom  75 
miles  to  the  west.  The  highest  mountain  in  the  world.  Mount 
Everest,  is  about  5^  miles  high ;  and  the  greatest  ocean  depth 
is  about  the  same  distance  beneath  the  sea.  Eleven  miles  is 
a  great  height  as  we  look  at  it;  but  it  is  a  very  small  amount 
compared  to  7900  miles,  the  diameter  of  the  earth. 

These  irregularities  of  the  earth's  surface  are  generally  believed 
to  result  from  the  heated  condition  of  the  interior  (p.  9).  As 
the  earth  cools  and  shrinks,  its  crust  wrinkles,  causing  some 
parts  to  rise,  others  to  settle  (p.  35).  Such  clianges  of  level 
are  even  now  in  progress  (p.  36),  and  there  are  many  proofs 
that  they  have  caused  great  change  in  the  past.  One  of  the 
most  important  facts  in  physical  geography  is  that  the  earth's 
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eroBt  is  in  slow  movement ;  for  by  reason  of  it,  the  outlines  of 
the  lauds  and  oceans  are  ever  varyuig. 

Sflamury. —  The  earth' »  gurface  has  been  roughened  by  the  effects 
ofehrinJdng  of  the  heated  interior.  Tliis  has  caused  contxneiU  eieva- 
tions  and  ocean  d^/ressions,  and,  on  both  of  these,  mountain  chains 
and  rxdeanoes.  7^  average  depth  of  the  ocean  is  about  Jive  times 
the  average  height  of  the  bind;  but  the  loftiest  mountains  are  about 
as  high  as  the  greatest  ocean  depths,  making  a  total  difference  in 
kvd  of  about  eteven  miles. 

14.  Conflict  of  Erosion  and  Elevation.  —  Wherever  land  is 
exposed  to  the  air,  it  is  being  attacked  and  slowly  worn  away. 
The  weather  causes  the  rocks  to  slowly  cmmble  (p.  38)  ; 
rivers  carve  valleya  and  carry  the  rock  fragments  oflE  toward 
the  sea  (j).  52)  ;  glaciers  scour  the  land  over  which  they 
pass  (p.  153)  ;  waves  batter  the  shore,  cutting  cliffs,  building 
beaches,  aud  supplying  rock  fragments  for  removal  by  the 
currents  (p.  210).  The  result  of  the  work  of  these  agenciet 
of  erosion  is  that  the  land  surface  is  made  very  irregular. 

The  sea  floor,  on  the  other  hand,  is  made  more  regular. 
Beyond  the  reach  of  the  waves  there  is  practically  no  erosion  ; 
hnt  the  deposit  of  rock  fragments  from  the  land  is  leveling 
the  sea  bottom. 

Thus,  on  the  one  hand,  movements  of  the  crust  are  raising 
the  land  ;  on  the  other,  the  agencies  of  eTosion  are  cutting 
into  it  and  removing  its  fragments  toward  the  sea.  There 
is  an  opposition,  or  conflict,  of  two  sets  of  forces,  one  set 
tending  to  raise,  the  other  to  lower  the  surface  of  the  land. 
So  far  the  forces  of  elevation  have  been  more  powerful ;  but 
the  agencies  of  erosion  have  deeply  sculptured  tbe  lands  and 
have  helped  to  level  the  sea  floor. 

This  conflict  has  been  in  progress  for  many  ages,  and  the 
present  land  surface,  about  which  we  are  to  study,  is  the 
result  of  it.  The  valleys,  which  our  railways  and  canals 
follow ;  the  mountains,  which  act  as  barriers  to  winds,  and 
to  the  spread  of  plants,  animals,  and  men ;  the  smooth 
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coastal  plains ;  the  interior  plateaus ;  the  harbors  in  which 
our  shipping  ^thers ;  the  sites  of  our  leading  cities ;  and 
many  other  land  features  are  a  result  of  the  conflict  hetween 
the  forces  of  elevation  and  the  agencies  of  erosion. 

Summary.  —  Agencies  of  erosion  —  weather,  rivers,  glaciera,  waves, 
etc.  — are  cutting  into  the  land  arid  strewing  the  waste  over  the  sea 
fiooT.  On  the  other  hand,  forces  of  devotion  are  raising  the  land. 
TTiis  cttJises  a  conflict,  in  which  the  forces  of  eleuation  have  so  far 
been  more  potent.  The  present  land  surface,  which  so  greatly 
irtfluences  man,  is  the  result  of  this  conflict. 

15.  The  Continents  —  (A)  Characteristics.  —  A  continent  is 
a  large  upraised  portion  of  the  earth's  crust  nearly  or  quite 
surrounded  by  ocean.  Usually  the  continent  margin  is  sub- 
merged beneath  the  sea  (Fig.  316),  sometimes,  as  off  eastern 
North  America,  for  a  distance  of  50  to  100  miles  from  the 
coast.  At  its  outer  edge  it  is  faced  by  a  steep  slope,  called 
the  continental  slope  (Fig.  116),  which  descends  quickly  to 
the  deep  sea  bottom.  Although  the  avert^e  elevation  of  the 
continents  is  but  2000  to  3000  feet  above  sea  level,  when 
measured  from  the  base  of  the  continental  slope  their  average 
height  is  10,000  to  15,000  feet.  Some  portions,  for  example 
the  Dead  Sea,  are  below  sea  level. 

Continents  consist  of  mountain  ranges  with  connecting 
plains  and  plateaus  (Figs.  20,  21).  They  are  crossed  by  riv- 
ers, occupying  valleys,  which  drain  the  land ;  but  nearly  one 
fourth  of  the  land  has  no  drainage  to  the  sea.  In  these  cases 
the  water  runs  into  interior  basins^  or  basins  without  outlet. 

The  outline  of  a  continent  seems  to  be  determined  by  its 
mountain  ranges ;  indeed,  mountains  have  been  called  the  skele- 
tons of  continents.  From  this  standpoint  the  plains  and  plateaus 
may  be  called  its  tissues.  In  fact,  the  plains  and  plateaus  have 
been  built  of  rock  fragments  worn  from  the  mount^n  skeleton. 

To  illustrate,  off  eastern  Asia,  from  the  Kurile  Islands  to  the 
Philippines  {Fig.  26),  there  is  a. mountain  chain  now  rising.  A 
large  part  of  the  rock  waste  worn  from  these  mountains,  and  from 
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the  maiDland,  is  being  deposited  in  the  sea  that  separates  the 
islands  from  the  mainland.  These  deposits  may  in  time  fill  the 
inclosed  sea,  and  a  slight  uplift  of  the  land  may  raise  the  smooth 
sea  bottom  plain,  forming  dry  land,  and  thus  joiaing  the  mountain 
islands  to  the  coast  of  the  mainland.  It  is  1^  similar  changes 
that  continents  have  been  made. 

Stunnuiy.  —  Continents  are  vplifted  blocks  of  earth's  crust  whose 
real  margin  is  beneath  sea  level.  They  consist  of  plains,  plateaus, 
and  mountains,  partly  drained  into  interior  basins.  They  otoe  their 
oatline  to  mounluin  skeletons,  conneaed  by  plains  and  plateaus,  that 
haoe  been  built  of  rock  fragments  worn  from  the  mowitains. 

(B)  North  America.  —  In  North  America  (Fig,  22)  there 
are  two  great  ByBtema  of  mountains ;  (1)  the  Appalachian 
qrstem,  which  extends  southwestward  from  Labrador  to  Ala- 
bama; and  (2)  the  great  westera  system,  or  the  western  Cor- 
dilleraa,  which  extends  southeastward  from  Alaska  to  Central 
America  (Fig.  20).  A  third  system  of  low  and  very  ancient 
mountains  occupies  the  region  from  Labrador  westward. 
The  vast  plateaus  and  plains  that  connect  these  mountains 
are  largely  made  of  rock  fragments  swept  from  the  moun- 
tains in  past  ages.  Fossil  remains  of  marine  animals  prove 
that  the  rock  strata  were  deposited  in  a  sea,  and  were  later 
raised  by  the  forces  of  elevation  to  form  dry  laud. 

Its  triangular  mountain  skeleton  has  given  to  North  Amer- 
ica its  form.  The  continent  is  broad  in  the  north  and  taper- 
ing in  the  south,  because  the  mountains  are  spread  farther 
apart  in  the  north.  Mountains  have  also  caused  some  of 
the  larger  irregularities  of  the  continent.  For  example,  the 
Alaska  and  Labrador  peninsulas  are  the  northern  extension  of 
the  western  and  eastern  mountains  (Fig.  22).  Lower  Cali- 
fornia is  a  southern  extension  of  the  Coast  Ranges ;  and  the 
Gulf  of  California  is  a  depression  not  yet  filled  with  the  waste 
that  is  being  washed  from  the  bounding  mountains.  The 
peninsulas  and  islands  which  partly  inclose  the  Gulf  of  Mex- 
ico an4  paril^bean  Sea  are  ^so  portions  of  mouiit^in  systems, 
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Sinking  of  the  land,  which  allowB  the  sea  to  enter  the 
valleys,  is  another  cause  for  irregularities  in  the  outline  of  a 
continent.  Such  a  sinking  in  northeastern  America  has  sub- 
merged land  valleys,  forming  Hudson  Bay,  the  Bay  of  St. 
Lawrence,  the  Bay  of  Fundy,  Long  Island  Sound,  New  York 
Harbor,  Delaware  Bay,  Chesapeake  Bay,  and  many  thousands 
of  smaller  bays,  estuaries,  and  harbors.  Where  the  sea  has 
risen  so  as  to  completely  surround  areas  of  higher  land, 
islands  have  been  formed,  such  as  Long  Island,  Newfound- 
land, and  the  thousands  of  others  along  the  northeastern 
and  northwestern  coasts  of  America. 

Sumnuiry.  —  North  America  owes  its  triangviar  shape  to  its  moun- 
tain areas,  spread  apart  in  the  north.  The  connecting  plains  and 
plateaus  are  made  of  rock  toaste  derived  Jrom  these  mountain  iicele- 
tons.  The  principal  irregidarities — peninsulas,  bags,  and  islands 
—  are  due  to  two  causes:  (1)  mountains;  (2)  sinking  of  the  land. 

(C)  South  America. — South  America  resembles  North 
America  in  its  triangular  form  (Fig.  23).  This  outline  is  due 
to  the  great  mountain  backbone  of  the  Andes  in  the  west,  and 
the  less  prominent  mountain  systems  in  the  north  and  in  east- 
ern Brazil.  South  America  is,  however,  far  more  regular  than 
North  America.  The  only  irregularities  caused  by  moun- 
tains are  in  the  north,  where  the  Andes  system  forms  the 
Isthmus  of  Panama  and  the  small  peninsulas  of  Venezuela. 
The  irregular  southern  coast  is  due  to  sinking  of  the  land ;  but 
the  coast  of  Peru  and  northern  Chile  is  now  rising  (p.  36). 

SaminaTy.  —  The  mountains  of  South  America  Itave  given  it  a  tri- 
angular  form  and  one  or  two  peninsulas  in  the  north;  elsewhere  the 
coast  is  very  regular,  excepting  in  the  south,  where  there  has  been 
sinking. 

(D)  Africa.  — Like  South  America,  Africa  has  a  triangular  form 
and  regular  outline  (Fig.  24).  Its  outline  is  determined  by  mountain 
uplifts  near  the  coast,  which  have  so  raised  the  interior  that  it  is 
mainly  a  hroad  plateau.    Only  one  eighth  of  the  continent  lies 
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below  an  elevatioo  of  600  feet.  Madi^ascar  is  part  of  a  moimtaiu 
chain ;  the  pemusula  of  Tunis  is  the  eaatem  extension  of  the  Atlaa 
UoQDtaiosi  and  the  peninsula  of  Abyssinia  is  also  due  to  moun-~ 
tain  uplift.  There  are  few  harbors,  because  there  has  been  no 
eztensire  sinking  of  the  land. 

SonuiMiy.  — Africa  is  a  broad  piateau,  triangtUar  in  outline,  with 
vunmtaina  near  the  coast.     Its  coast  line  is  remarkably  regular. 

(E)  Australia.  —  The  continent  of  Australia  (Fig.  25)  is  a  huge 
island.  A  mountain  chain  in  the  east,  and  others  in  the  west,  have 
helped  determine  its  form ;  but  the  mountains  are  not  so  arranged 
as  to  develop  a  typical  triangular  shape.  York  peninsula  in  the 
northeast,  and  the  peninsula  of  Victoria  and  the  island  of  Tas- 
mania in  the  southeast,  are  continuations  of  the  e^astern  Australia 
moDntains.  A  sinking  of  this  continent  has  caused  many  small 
bays  and  excellent  harbors. 

SuiBiiiaTy.  —  The  island  continent  of  Av^ralia  has  not  the  typical 
trianfftdar  form.  Mountains  and  sinMng  of  the  land  have  caused  a 
somewhat  irregvlar  coasL 

(F)  Huraaia.  —  While  the  other  continents  stand  out  quite 
by  themselves,  Europe  (Fig.  27)  and  Asia  are  so  closely  con- 
nected that  they  are  often  considered  aa  one  continent.  Had 
the  study  of  geography  not  started  in  Europe,  it  is  probable 
that  it  would  have  been  called  a  part  of  the  immense  continent 
of  Eurasia  (Fig.  26).  This  great  land  area  has  an  irregular 
triangular  form,  one  angle  of  the  triangle  being  at  Bering 
Strut,  the  second  in  ludo-China,  and  the  third  in  Spain. 

Eurasia  is  so  mountainous  a  land,  with  mountains  extend- 
ing in  BO  many  directions,  that  its  coast  line  is  exceedingly 
irregular.  Its  great  peninsulas  — ■  Kamchatka,  Korea,  Indo- 
China,  India,  Arabia,  Greece,  Italy,  Spain,  and  Scandinavia  — 
are  all  due  to  the  presence  of  mountains.  The  numerous 
large  islands,  including  the  Philippines,  the  East  Indies, 
Japan,  Sicily,  Corsica,  Sardinia,  and  the  British  Isles,  are 
also  parts  of  mountains.  Between  these  mountain  uplifts 
are  inclosed  many  bays,  seas,  and  gulfs.  ,  , 
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Parts  of  this  land,  especially  northwestern  Europe,  have 
been  lowered  beneath  the  sea.  This  sinking  has  formed  the 
fiords  of  Norway,  the  Baltic,  North,  and  Irish  seas,  and  a 
multitude  of  estuaries,  small  bays,  and  harbors.  It  has  also 
separated  the  British  Isles  from  the  mainland. 

Snmmuy. — Europe  is  a  part  of  the  great  Ewxuian  continetU, 
which  has  a  rough  IriangidaT  form.  The  many  peniitaulas,  bays, 
islands,  etc.,  are  due  to  Tnowilain  uplifts  and  to  sinking  of  the  tond. 

(G)  Influence  of  Continent  Forms  on  Man. — The  separation  of 
the  cootinents  has  interfered  with  the  spread  of  laan.  Their  low 
elevation  has  been  very  favorable  to  mankind.  Had  the  average 
elevatioQ  (2000  to  3000  feet)  been  as  gieat  as  the  average  depres- 
sion of  the  oceans  (12,000  to  15,000  feet),  the  greater  part  of  each 
continent  would  be  too  high  and  cold  to  support  a  dense  popu- 
lation. The  development  of  men  and  nations  has,  been  influenced 
in  many  ways  by  the  contineot  form,  the  outline  of  its  coast,  the 
inclosed  bays  and  seas,  the  islands,  and  the  distribution  of  moun- 
tains and  plains. 

An  irregular  coast  line  favors  navigation ;  and  it  is  an  interest- 
ing fact  that  the  inhabitants  of  continents  that  have  regular  out- 
lines have  advanced  far  less  rapidly  than  those  whose  coast  has 
many  harbors  and  bays.  Illustrations  of  these  influences  and 
others,  on  man,  animals,  and  plants,  will  appear  in  later  chapters. 

Snmnuiy.  —  The  elevaiion,  surface  features,  and  coast  line  of  con- 
tinents have  had  importatit  influence  on  man,  animals,  and  plants. 

16.  Form  of  the  Oceans. — The  continents  are  clustered 
around  the  north  polar  region,  with  tongues  projecting  south- 
ward ;  the  ocean  water  is  centered  around  the  south  polar 
region,  with  triangular  tongues  projecting  northward  between 
the  continents  (Fig,  29),  In  outline  the  oceans  are  very  irregu- 
lar, because  the  irregular  continents  form  their  boundaries. 

We  commonly  recognize  five  oceans  (Kig.  28).  It  is 
customary  to  choose  an  arbitrary  boundary  —  the  Antarctic 
circle  —  for  the  ice-laden  ArUaratic  Ocean;  but  it  is  far  bet- 
ter to  consider  as  a  great  Southern  Ocean  (Fi^.  29)  all  tl)9 
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water  south  of  Australia,  Africa,  and  South  America.    Three 
great  ocean  tongues  extend  northward  from  this  Southern 


Fro.  29; — The  aoTthern  and  WDtherD  hemlipherM. 

Ocean :    (1)  the   Indian  Ocean,  which  reaches  up  to  Asia 
between  Australia  and  Africa ;   (2}   the   immense   Pacific, 
which  extends  up  between  America,  Australia,  and  Asia,  to 
the  point  where  America  and  Asia  almost  meet ;  and  (3)  the 
Atlantic  tongue,  bounded  by  the  Americas  on  one  side  and 
Africa  and  Europe  on  the  other.     The  Atlantic  is  given  an 
hour-glass  shape  by  the  narrowing  where  the  projection  of 
South  America  reaches   eastward   toward   that   of   Africa. 
The   Arctic  Ocean 
is  an  extension  of 
the  Atlantic ;  it  is, 
in  fact,  an  ice-cov- 
ered    bay,    partly 
cut  off    from   the 
Atlantic  by  Green- 
land and  Iceland. 

Fro.  so.  — Thelud  and  wkUt  bemispheres. 
The     northern 
hemisphere  contains  the  greater  part  of  the  land,  while  the  south- 
ern hemisphere  is  essentially  a  water  hemiaphere  (Fig.  29).     By 
choosing  Uie  proper  circle,  it  la  possible  to  so  divide  the  eartl^.as 
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to  have  one  hemisphere  ia  which  most  of  the  land  ia  placed,  and 
the  other  with  little  land  (Fig.  30).  London  is  very  near  the 
center  of  the  land  hemisphere. 

Now  that  men  no  longer  timidly  skirt  the  coasts  in  small 
boats,  but  steer  boldly  out  to  sea  in  great  ships  that  visit 
every  ocean,  the  needs  of  ocean  navigation  have  led  to  the 
making  of  canals  for  short  cuts  across  land  barriers.  For- 
merly, vessels  sailing  from  Europe  to  India  went  all  the  way 
around  Africa  ;  now  they  take  a  short  cut  across  the  Isthmus 
of  Suez  (Fig.  535).  Soon  ships  from  eastern  United  States 
and  Europe,  bound  for  Asia  or  western  United  States,  will 
make  a  short  cut  by  way  of  the  Isthmian  Canal.  Thus 
every  day  the  oceans  are  becoming  more  useful. 

Snmnuiy. — Moat  of  tlie  ocean  water  is  in  the  $out}iem  kemi- 
gphere,  three  triangviar  tongues  extendittg  from  lite  great  Southern 
ocean  northiaard  between  tlie  continents.  The  Ardic  is  a  bay-iike 
extension  of  the  Atlantia. 

Topical  Outline,  Qoestioms,  and  SuaoRSTiONS. 
Topical    Outlink.  —  8.  The  Atmoaphen.  —  Ertent;  composition; 
proof  of  its  existeoce;  iinportaoce,  —  life,  fire,  decaj,  difFuaion  of  light 
Mid  heat,  hearing,  minda,  vapor,  wind  power;  effects  on  land;  Boil, 

9.  The  Oceane.  — Distribution  of  water;  area  cohered;  depth;  im- 
portance,—  aniniat  products,  nav^tion,  vapor  supply,  effect  on  climate. 

10.  The  Solid  Earth.  —  Covering  of  sea  floor;  of  land ;  origin  of  soil ; 
importance ;  depth ;  absence  on  steep  slopes ;  condition  beneath  the  soil 
maatte ;  valuable  mineral  substances. 

11.  The  Earth's  Interior. —  Weight  of  material  of  out«r  part  and  of 
interior;  proofsofinterior  heat;  former  belief ;  earth's  crust;  reasons  for 
present  belief ;  effects  of  pressure ;  former  condition  of  earth ;  future. 

12.  Air,  Water,  and  Bock.  —  (a)  States  of  matter :  air,  water,  and  rock 
illuatrate  the  three  states ;  changes  of  each  of  these  to  the  other  two  states. 
(b)  Intermingling;  rock  and  water  in  air;  water  and  air  in  earth;  air 
and  rock  material  in  water. 

13.  IneguUrltlea  of  the  Earth's  CmsL  —  Average  depth  of  ocean 
basins;  average  height  of  contiuents;  proportion  of  plains ;  distribution 
of  mountains  and  volcanoes;  amount  of  irregularity  of  earth's  surface; 
cause  of  irregularities ;  changes  in  level. 
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11.  Conflict  of  Broaion  and  EleTation.  —  Nature  of  t^ettcies  of  eronon ; 
eff«ct  on  land ;  on  sea  floor ;  conBict  between  erosion  and  eleTation ; 
importance  of  result  upon  man. 

15.  The  ContlnenU.  —  (A)  CharacterUtics :  definition;  real  bounda- 
ries; elevation;  anrface  features;  drainage;  relation  of  mountains  to 
continent  form  —  illustration.  (B)  North  America:  mountain  aystems; 
relation  to  contanent  form ;  to  plains  and  plateaus ;  to  irregular  outline 
oifect  of  sinking  of  the  land.  (C)  Sovlh  America:  mountains;  outline. 
irregularities.  (B)  Africa :  outline ;  surface  features ;  coast  line. 
{E)  Atutraliai  position;  form;  coast  line.  (F)  Evrasia:  relation 
between  Europe  and  Atda;  form  of  Eurasia;  effect  of  mountains  on 
coastline;  of  slnkii^  of  the  land.  ((?)  Influence  of  Continent  Forma  on 
Mm :  effect  of  separation ;  of  low  elevation ;  of  coast  line. 

IS.  Form  of  tbe  Oceana.  —  General  form  and  outline ;  aubdivisions  of 
the  ocean  waters ;  boundaries  of  each;  land  and  wat«r  hemispheres ; 
value  of  oceans  for  navigation. 

Questions.  — Section  8.  What  is  the  extent  of  the  atmosphere? 
Nwne  some  important  effects  of  the  air. 

9.  What  inflnenca  has  gravity  on  the  oceans  7  What  is  the  area  and 
deptfa  of  the  oceans?  Of  what  importance  ia  the  ocean  for  its  animal 
products;  for  navigation  ;  for  ita  influence  on  climate? 

10.  What  covers  the  sea  floor?  The  land?  What  is  the  origin  of 
soil?  Of  what  value  is  it?  What  is  beneath  it  ?  Why  is  it  aometimea 
abwnt?    What  valuable  materials  come  from  the  solid  earth? 

11.  What  reasons  are  there  for  believing  the  earth's  interior  to  be 
highly  heated?  Why  is  it  no  longer  believed  to  be  molten?  What 
prevents  it  from  melting  ?    What  is  the  earth's  crust  ? 

13.  How  do  the  states  of  air,  water,  and  roch  vary?  What  are  the 
three  states  of  matter?    How  are  air,  water,  and  rock  mingled  ? 

13.  Compare  the  ocean  depths  and  continent  elevations.  What  is  the 
general  condition  of  ocean  bottoms  and  continente  ?  Where  are  moun- 
tains found?  How  many  times  greater  is  the  earth's  diameter  than  the 
height  of  Mt.  Everest?     What  is  the  cause  of  these  irregularities? 

14.  What  agencies  are  attacking  the  land?  What  efiect  has  this 
attack  on  the  land?  On  the  sea  floor?  What  conflict  is  there  between 
Opposing  forces?     How  has  this  conflict  been  of  importance  to  man? 

15.  (j4)  What  are  the  characteristics  of  a  continent?  What  relation 
do  ttte  mountains  have  to  the  continent  form?  Give  an  illustration, 
(fi)  Explain  the  general  form  of  North  America.  Explain  the  irregu- 
larities of  the  outline.  Give  instances  illustrating  each  of  the  two  causes 
for  irregolaritiea.  (C)  What  are  the  characteristics  of  South  America? 
(D)  Ot  Africa?     (^KJ  Of  Australia?    (F)  What  is  the  relation  of 
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Earope  to  Asia?  Explain  the  irregular  outline  of  Guroaia.  (G}  How 
has  the  contioent  form  influenced  man? 

16.  State  the  distribution  of  the  ocean  water:  ita  general  distribu- 
tion ;  the  Bubdivisions,  starting  from  the  Southern  Ocean ;  the  meaning 
of  land  and  water  heDiispheres.    What  obstacles  have  been  overcome? 

SuooESTioTifi/-'- (I)  In  a  small  jar  seal  up  a  plant,  being  careful  to 
have  it  well  watered,  and  see  if  it  grows  after  the  oxygen  is  exhaturted. 

(3)  Place  a  candle  in  a  fruit  jar,  light  it  and  Bee  if  it  burns  after  the 
oxygen  is  used  up.    (3)  Why  are  there  holes  beneath  theflameof  alamp? 

(4)  Have  some  oxygen  generated  in  the  chemical  laboratory,  and  place 
in  it  a  smouldering  piece  of  cloth.  Explain  the  change  that  occurs. 
(9)  How  deep  is  the  soil  in  your  Ticinity?  Find  some  cut  —  a  cellar, 
railway  cut,  or  stream  valley, — where  bed  rock  is  seen  beneath  the  soil. 
How  thick  is  the  soil?  Of  what  b  it  composed?  What  kind  of  rock 
underlies  it?  Is  the  line  between  rock  andsoil  a  sharp  line?  (S)  To 
illustrate  the  three  states  of  matter:  freeze  some  water.  Melt  the  ice, 
then  evaporate  the  wat«r  over  the  fire.  Where  does  the  water  go  ?  Place 
some  water  in  a  shallow  pan  in  a  room  and  watch  it  from  day  to  day. 
Where  does  it  go?  What  becomes  of  the  water  that  you  pour  on  plants? 
Of  that  sprinkled  on  the  city  psvementa?  (7)  Stir  mnd  and  water 
together.  JIave  you  ever  seen  a  stream  resembling  the  muddy  water? 
Where  did  the  mud  come  from?  Where  was  it  being  carried?  (8)  Care- 
fully weigh  a  piece  of  chalk.  Soak  it  in  water  and  weigh  it  again.  Why 
the  difference?  Most  rocks  will  illustrate  the  same  thing,  but,  being  less 
porous,  not  so  well  as  chalk.  (9)  Place  some  salt  in  water  and  stir  it 
once  in  a  while.  Where  has  the  salt  gone?  After  twenty-four  hours 
pour  the  water  off  and  evaporate  it.  Do  you  find  the  salt?  Chalk, 
marble,  and  many  mineral  substances  will  dissolve  as  the  salt  did,  but  in 
smaller  quantities.  (10)  See  if  there  are  fossils  in  the  rocks  of  your 
neighborhood.  K  so,  find  out  if  they  once  lived  in  the  sea.  What  do 
they  prove?  (11)  In  a  shallow  pan  of  water  build  three  ridges  of  pebbles 
and  clay,  as  high  as  you  can,  forming  a  triangular  outline  to  represent 
the  mountain  skeleton  of  North  America.  With  a  sprinkling  pot  wear 
them  partly  down.  Draw  off  the  water  with  a  siphon,  then  make  a  sketch 
map  of  the  miniature  continent,  marking  on  it  the  position  of  the  tnoun- 
taiu  ridges.    Compare  it  with  an  outline  map  of  North  America. 

Beference  Books.  —  See  references  at  end  of  Chapters  III,  X,  and  XIIj 
also  Mill,  Intemalional  Gtograpky,  Appleton  &  Co.,  New  York,  f3.50. 
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CHAPTER  III. 
CHAnaBS  IN  THE  EARTH'S  CRUST. 

17.  RelatloD  of  Kan  to  the  Land.  —  In  a  railway  journey 
from  Atlantic  City,  east  of  Philadelphia,  to  Chicago  a  great 
variety  of  land  forms  may  be  seen.  First  the  seashore ;  then 
a  lowland  plain ;  then  a  hil  ly  country ;  then  a  wild  mountain 
region,  with  long  ridges  separated  by  broad  valleys ;  then  a 
rugged  plateau,  with  rivers  deeply  set  between  steeply  rising, 
wooded  banks  ;  then  the  open  plains.  Besides  these  large  fea- 
tures many  smaller  ones  are  noticeable — rivers,  creeks,  brooks, 
rapids,  waterfalls,  floodpUins,  lakes,  narrow  gorges,  broad  val- 
leys ;  in  fact,  all  the  great  variety  of  land  forms  to  be  found 
in  a  large  area  of  diversified  country. 

The  careful  observer  will  also  note  the  following  facts  re- 
garding settlement  and  industry.  The  steeper  bill  and 
mountain  sides  are  still  forested  (Fig.  85),  and  lumbering  is 
the  only  industry  on  their  rocky  slopes.  Few  houses  are  seen 
in  the  narrow  valleys,  though  here  and  there  a  fall  has  given 
the  site  to  a  mill,  or  even  to  a  town  ;  and,  in  a  few  places,  there 
is  some  industry  connected  with  the  production  of  valuable 
minerals  from  the  mountain  rocks.  On  the  other  hand, 
the  open  plains  and  low  hills,  both  to  the  east  and  west  of 
the  monotains,  are  everywhere  inhabited  ;  houses  are  almost 
always  in  sight,  woods' are  scattered,  farms  are  seen  on  every 
hand,  and  the  laud  is  dotted  with  villages,  towns,  and  cities. 

This  route  passes  three  of  the  largest  eleven  cities  in  the 
United  States, —  Chicago  the  second  in  size,  Philadelphia  the 
third,  and  Pittsburg  the  eleventh.  One  is  a  sea  port,  one  a 
lake  port,  and  one  a  river  port.  - — '■■'iij'^ 
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These  few  facts  indicate  that  there  is  a  relation  between 
the  form  of  the  land  and  the  industries  of  the  people.  Every 
educated  person  should  know  the  causes  which  operate  to  so 
modify  the  form  of  the  land  aa  to  adapt  it  to  different  indus- 
tries. This  inquiry  belongs  to  physical  geography,  or,  as  it  is 
often  called,  physiography.  To  truly  appreciate  this  subject 
it  is  necessary  to  cany  our  inquiry  back  far  enough  to  under- 
stand some  geological  facts  and  principles ;  and  to  this  the 
present  chapter  is  largely  devoted. 

Sunmury.  —  There  are  great  differences  in  tlie  land  surface  from 
place  to  place,  and  conaequeidly  in  the  indttslrieg  of  man.  Phyaioal 
Oeography,  or  Physiograpliy,  studies  the  causes  for  these  differences 
and  tlieir  relation  to  one  another. 

18.  Rocks  of  the  Crust'  —  The  many  different  kinds  of 
rocks  in  the  earth's  crust  are  included  in  three  large  classes, 
—  gedimentary,  igneous-,  and  metamorphic. 

(A)  Sedimentary  Rocks.  —  Rock  fragments — pebbles,  sand, 
and  clay  —  are  washed  into  seas  and  lakes  by  rain,  rivers,  and 
waves.  They  settle  in  the  quiet  water,  the  coarser  fragments 
sinking  to  the  bottom  first.  The  motion  of  the  water,  agi- 
tated by  waves  and  currents,  keeps  the  finer  frt^ments 
suspended  for  a  longer  time,  and  tliey  therefore  sink  to  the 
bottom  farther  from  shore.  Thus  the  water  assorts  the  rock 
fragments  according  to  size. 

On  some  days  the  waves  and  currents  are  weak,  on  others 
strong ;  sometimes  the  rivers  bring  little  sediment,  at  other 
times  much.  These  differences  in  currents,  and  in  materials 
supplied,  cause  the  deposit  of  layers  of  different  kinds,  one 
on  another.  Each  layer  is  of  the  kipd  that  waves  and  cur- 
rents are  able  to  bring  (Fig.  35), 

Such  layers  are  called  strata  (singular,  gtratutrt).,  and  the 
rock  is  said  to  be  stratified.  Some  strata  are  thin,  others 
thick.  Sometimes  only  one  stratum  is  seen  in  a  clifiF,  while  in 
>  Appendix  C  coDtains  a  desciipUon  ot  common  minerals  and  rocks. 
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other  cli£fs  there  are  strata  of  different  kinds  (Fig.  31),  pos- 
sibly shale,  sandstone,  conglomerate,  and  limestone. 

When  the  sedimeot  is  deposited,  it  is  loose  and  unconsolidated, 
like  a  gravel  bank.  The  pressure  of  other  layers,  deposited  above, 
ajid  the  action  of  percolating  water,  slowly  bind  the  fragments  to- 
gether, forming  solid  rock.  The  percolating  water  dissolves  min- 
eral substances  in  one  place,  carries  them  on,  and  deposits  some 
around  the  sediment  grains.    This  binds,  or  cements,  the  rock 


Fio.  36,^ro  lUuKtratt  the  depoalt  ol  sedlmenairy  rocka.  On  the  eitreme  left 
kre  coarse  pebliles ;  on  the  extreme  right,  clay  ;  in  the  middle,  uind.  Some 
layers  of  pebbles  were  drugged  out  Xo  the  sand  area  when  the  currents  abd 
waves  were  strong;  and  some  sand  layers  Were  stratifled  wltb  the  clay  strata. 

fragments  together.  The  most  common  rock  cements  are  the 
common  soluble  minerals,  carbonate  of  lime,  oxide  of  iron,  and 
quartz.  One  may  often  see  the  process  of  cementing  in  a  gravel 
bank  (Fig.  32)  where  a  white  coating  of  carbonate  of  lime  baa 
been  deposited  on  some  of  the  pebbles. 

Snmnury.  —  Sedimenlaiy  rocks  are  in  layers,  or  strata,  formed 
by  the  assorting  power  of  waves  and  currents,  which  vart/  in  strength 
and  carry  finer  particles  farther  from  shore  than  the  coarser  particles. 
By  pressure  and  the  deposit  of  mineral  cements,  the  loose  rock  frag- 
ments are  bound  together,  forming  solid  rock, 

(B)  Igneous  Rocks.^  —  These  rocks  have  risen  from  within 
the  earth  in  a  melted  state.     In  some  cases  each  eruption  pro- 
duces a  lava  flow,  which  cools  to  form  a  thick,  massive  layer 
of  solid  rock.     In  other  cases  the  violence  of  the  eruption 
1  See  also  Cbapter  VIL  i  , 
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blowB  the  lava  into  bits  of  volcanio  ash  or  porous  pumlca 
(Fig.  33).  Lava  and  ash  usually  build  a  cone  around  the 
Tolcanic  vent  or  neck  (Fig.  34).  Such  beds  are  usually  less 
regular  and  more  massive  than  sedimentary  strata. 

Much  lava  fails  to  reach  the  surface.  Such  intruded  igneous 
rock  is  found  in  various  positions,  cutting  across  the  sedimentary 
and  other  rocks.  A  narrow  crack  filled  with  lava  forms  a  dike 
(Fig.  34)  ;  a  mass  of  lava  thrust  between  strata  forms  an  intruded 
the^  or  aiU  (Fig.  M) ;  large,  irregular  masses,  rising  into  the  cores 
of  mountains,  form  tosses  (Fig.  34).  Pikes  Peak  and  many  other 
pealis  are  bosses  of  hard  gianite  rock  (Fig.  33),  brought  to  light 
by  the  wearing  away  of  the  layers  into  which  they  were  intruded. 

Sununsry.  —  Igneous  rocks  are  formed  by  the  cooling  of  melted 
lava,  some  al  the  surface,  in  the  form  of  lava  flows  and  volcanic  aah, 
tome  as  intruded  dikes,  sheets,  and  bosses. 

(C)  Metamorphic  Rocks.  —  When  subjected  to  great  pressure,  or 
heat,  or  both,  rocks  are  changed,  or  metamorphosed.  By  metamor- 
phism  limestone  is  altered  to  marble ;  shale  to  slate ;  and  sand- 
stone to  quartzite.  The  change  may  go  so  far  that,  as  in  the  case 
of  gneiss  (Fig.  33)  and  schist,  it  is  often  impossible  to  tell  the 
nature  of  the  original  rock.  Metamorphic  rocks  are  especially 
common  among  mountains  where,  during  the  mountain  formation, 
the  strata  have  been  subjected  to  great  pressure  and  heat.  These 
changes  have  bent,  folded,  broken,  and  twisted  the  layers  (Fig. 
46),  and  often  completely  altered  the  rocks  from  their  original 
condition. 

Summary.  —  When  subjected  to  heat,  yresaure,  or  both,  as  among 
mountains,  rocks  are  greatly  altered,  or  Tnetamorphosed. 

(D)  Resistance  of  Rocks.  —  All  minerals,  when  exposed  to 
the  weather,  are  attacked  by  the  elements  ;  but  there  is  much 
difference  in  the  rate  at  which  different  ones  wear  away. 
Quartz,  for  example  (Appendix  C),  is  hard,  only  slightly 
soluble,  and  does  not  decay  ;  feldspar  is  hard  and  does  not 
dissolve,  but  decays  without  great  difficulty  ;  calcit«  is  both 
soft  and  easily  soluble. 

I .Coo>;Ic 
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The  rate  of  decay  of  rocks  depends  in  large  part  on  the 
kind  of  mtDerals  of  which  they  are  composed.  Sitndstone 
and  quartzite  (Appendix  C),  made  mainly  of  quartz,  are 
TisnaUy  very  durable  rocks;  and  so  ie  granite,  which  is  mostly 
quartz  and  feldspar.  On  the  other  hand,  limestone  and 
marble,  made  of  calcite,  are  easily  destroyed. 

The  decay  of  minerals  and  rocks  is  due  largely  to  the 
action  of  water  (p.  88).  Hence  dense  and  massive  rocks, 
like  gaeias  and  granite,  are  not  so  easily  disintegrated  as 
porous  or  friable  ones,  like  shale  and  schist,  into  which 
water  enters  easily.  Because  of  these  facts  weak  rocks  are 
worn  away,  forming  valleys,  while  durable  rocks  are  left 
standing  to  form  hills,  ridges,  and  peaks  (Fig.  38). 

Summary.  —  Some  minerals  and  rocks  are  durable,  others  weak. 
Therefore,  as  (Ae  land  toeara  damn,  valleys  are  formed  where  the 
rocks  are  weak;  hills,  ridges,  and  peaks  where  Oiey  are  more  durable. 

19.  Changes  In  Level  of  the  Land.  —  The  old  ideas,  that  the 
bills  are  everlasting  and  that  the  land  is  firm  and  stable,  are 
now  known  to  be  incorrect.  On  the  contrary,  the  land  is 
ever  changing.  Hills  are  slowly  wearing  away,  valleys  are 
being  deepened,  and  the  waste  is  being  carried  to  the  sea. 

In  addition  to  this,  the  crust  of  the  earth  is  slowly  rising 
in  some  places  and  sinking  in  others.  By  these  movements 
sea  bottoms  have  been  raised  to  form  parts  of  continents ; 
mountains  have  been  formed  ;  and  lands  have  been  lowered 
beneath  the  sea.  The  explanation  of  these  changes  is  the 
slow  cooling  and  contraction  of  the  heated  interior  (pp.  IT 
and  99). 

Evidence  of  such  changes  in  level  during  past  ages  is  abun- 
dantly preserved  in  the  rocks.  Beaches  and  coral  reefs  are 
found  many  feet  above  the  sea  ;  and  fossil  remains  of  ocean 
animals  are  entombed  in  the  strata,  even  of  mountains.  There 
is  also  full  proof  that  changes  of  level  are  now  in  progress. 
For  example :  a  part  of  the  Scandinavian  peninsula,  north  of 
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Stockholm,  has  risen  7  feet  in  150  years  ;  the  Netherlands 
are  slowly  sinking ;  the  coast  of  New  Jersey  is  sinking  at 
the  rate  of  about  2  feet  a  century;  Eskimo  houses  in  Green- 
land have  been  lowered  into  the  sea ;  the  laud  around  the 
Great  Lakes  is  slowly  rising ;  and  in  1822,  and  again  in 
1835,  the  coast  of  Chile  was  raised  2  to  4  feet.  Hundreds  of 
similar  cases  are  known  (Fig.  37). 

These  changes  of  level  are  of  two  kinds :  (1)  rapid  and  local, 
where  mountains  are  now  growing,  as  in  Japan  and  western 
South  America;  and  (2)  slow  and  widespread,  where  large  areas 
slowly  swing  up  or  down,  as  in  northeastern  America  (p.  208). 
While  in  some  places  the  lands  are  sinking,  as  a  general  rule  they 
are  rising.  This  has  been  true  for  long  periods  of  the  past;  and, 
as  a  result,  the  continents  are  very  largely  made  of  sedimentary 
strata  that  were  deposited  in  ancient  seas. 

Summary. —  The  surface  of  the  land  is  dowlj/ wearing  away ;  it  ia 
also  beiTig  raised  here  and  lowered  there.  There  are  both  local, 
rapid  movements  and  a  slow  swinging  up  or  down  of  large  areas. 
On  the  whole,  the  continents  have  been  rising,  and  this  is  iohy  they 
are  so  largely  made  of  sedimentary  strata. 

20.  Disturbance  of  the  Strata.  —  The  sedimentary  strata 

are  deposited  in  nearly  horizontal  layers  parallel  to  the 

sea  floor  (Figs.  35,  43).     When 

added  to  the  land  these  strata  are 

usually  raised  by  slow,  broadly 

extended  movements  which  only 

slightly     disturb     the     original 

horizontal    position    ( Fig.   31 ) . 

The  plains  of  the  Atlantic  coast 

(«  a)  Btauda  at  different  leveia    and  the  Mississippi  Valley,  and 

on  the  two  sides  at  um  fault    the  plat-eaus  of  the   West,  have 

*"""'  such  horizontal  strata. 

Among  mountains,  on  the  other  hand,  the  strata  are  folded 

and  broken  by  the  great  pressure.     In  such  cases  the  layers 

are  no  longer  horizontal,  but  are  tilted  at  all  angles  (Fig.  38}. 


Ftu.  36.  —  A  fault.   The  same  layel 
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Lava  and  nieta- 
morphic  rocka  (p. 
34)  are  also  eotn- 
tnou  in  mountain 
regions.  For  these 
reasons  mountain 
rocks  are  far  more 
complex  in  kind 
and  position  than 
those  of  plains. 

Various  names 
have  been  given  to 

tbe  forms  assumed  Fio. 39— Auantkiiue. 

by     the     disturbed 

mountain  strata.    A  break  in  tbe  rocks,  accompanied  by  move- 
meat  on  one  side,  is  known  as  a  fault  (Figs.  36,  44).     An  arched 
Qpfold  of  the  strata  is  known  as  an  antidtne  (Figs.  3d,  45) ;  a 
downfold  is  a  syndine  (Fig,  40).     In  an  anticline  the  rocks  in- 
cline, or   dip  (Figs. 
38,39,45),bothway8 
from  the  axis  of  the 
fold ;  in  a  syncline 
they   dip   toward 
the  axis   (Fig.  40). 
Where  a  fold  has  a 
dip  in  ouly  a.  single 
direction  it  is  called 
a    monocline    (Fig. 
41).     Some   folds 
are  very  regular  or 
syTnmetricid      (F  i  g, 
4  5);  others    are 
Fio.40.— AByncliiiB.                            quite  nnsyrnmetrical 
(Fig.   42);    and    io 
some,  the  folding  has  gone  so  far  that  the  folds  are  actually  oier- 
tumed  (Figs.  43,  48).    In  very  intense  folding  the  strata  are  some- 
times crumbled  (Fig,  46).  ^^s-^ 
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During  their  uplift,  rocks  are  often  cracked  by  the  strains. 
These  cracks  are  called  joint  p/anes  (Figs.  47, 75).   The  joint  planes 
usually  extend  vertically  into  the  strata,  and  consist  of  two  sets, 
meeting  nearly  at  right  angles.    Water  readily  enters  along  these 
natural     planes    of 
splitting   (Fig.    61), 
which  therefore  aid 
in  disintegrating  the 
rocks.    Joint  planes 
are  of  great  impor- 
tance in  quarrying, 
for  they  make  natu- 
ral breaks  which  aid 
in  splitting  out  blocks 
Fia.  41.  — A  monocline.  of  stone. 

Summary.  —  In  plaint  and  ptaleaUB  the  vplified  Mratijied  rocks 
are  commonly  left  in  nearly  their  original  horizontal  poaition  ;  but  in 
mountains  Ihep  are  folded  and  faulted.  Joint  planes,  or  natural 
plattea  of  breakage,  are  also  produced  by  the  strains. 

21.  Agents  of  Weathering.  —  When  exposed  to  the  air, 
rocks  crumble  and  fall  apart  as  wood  and  nails  do.  This  dis- 
integration, or  weathering^  is  due  to  the  action  of  various 
agencies,  the  most  important  of  which  are  percolating  water, 
air,  and  the  action  of  animals  and  plants.    These  agencies  do 


Fio.  42.  —  Section  of  onBymmiiiTieal  and  overturned  folds, 
some  of  their  work  by  dissolving  and  decaying  minerals,  some 
by  mechanical  means,  as  when  rocks  are  ruptured  by  frost. 

Summary.  —  Rocks  crumUe,  or  weather,  hy  the  mechanical  and 
chemical  action  of  percolating  tcater,  air,  and  animals  andplanta. 


la.  43.  —  HorlzoDtal  Btrata  in  the  Went.     A  bard     Fra.  44.  —  Afkolt.    No- 
layer,  standiiig  ont  as  a  \ov  cUff,  majr  be  seen  In  tice  that  the  layers 
the  (oicgTooDd  and  tar  along  the  hillside.  dn  not  matrh  on  the 
two  Bides  of  the  fault 


Fta.4C.— A  Bymmetrical  anticline.  ,^  , 


Fia.  46.  —  Crumpled  lajren  Id  Caoada.    Notice  hov  coDtorted  they  ara. 


Fio.  IT. —Joint  pltmeB  on  the  shore*  of  Lake  Cajoga,  New  York.  The  tn 
nta,  almost  vertical,  meet  at  nearly  right  atigilea.  The  smooth  faces  of  tl 
cliff  are  due  to  the  tact  that  the  rock  has  cleaved  awaj  from  It  along  tl 
Jointplane*.  tS'"^ 


CBANGE8  m  THE  EARTH''8  CRUST.  89 

22.   Wotk  of  UndergTOtind  Water.  —  A  portion  of  each  rain 
sinks  into  the  soil,  and  part  of  it  percolates  into  the  rocks, 
for  underground  water  is  able  to  enter  even  the  densest  of 
rocks.     Some  of  this  water  enters  along  joint  planes  (Figs. 
51,  54);  some  between  the 
rock    grains ;    and    some 
along  the  cleavage  planes 
of  the  minerals. 

In  moist  climates,  shal- 
low wells  find  this  under- 
ground water  even  in  rock; 
and  upon  it  farms  and  en- 
tire towns  and  villages  de- 
pend for  drinking  water. 
It  is  underground  water, 
too,  that  the  roots  of  plants 
seek  in  the  soil.  Without 
it  they  die.  Its  presence  is 
further  shown  by  springs, 
which  are  places  where 
underground  water  rises 

to    the    surface    in    some    ^    ,„      ,       „ 

/-      E(i->  '"'•  ^-  —  ^  UDsIl,  ovBrtanied  told  — both 

quantity  (J>.  Otf  J.  a  Byncllne  and  sd  anticline. 

Underground  water 
jinds  many  mineral  substances  which  it  is  able  to  take  away 
in  solution.     Its  power  of  solution  is  greatly  increased  by 
carbon  dioxide,  and  other  substances,  which  it  obtains  from 
the  air  and  from  decaying  vegetation. 

Aided  by  oxygen,  carbon  dioxide,  and  other  substances,  the 
anderground  water  also  causes  changes  in  composition  of 
many  minerals.  These  changes  are  not  very  unlike  that 
which  causes  a  shiny  nail,  when  exposed  to  dampness,  to 
decay  to  a  yellow,  powdery  iron  rust.  By  these  changes 
some  substances  are  produced  which  the  percolating  water 
can  carry  off  in  solution.    The  roots  of  plants  seek  and  obtain 
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some  of  these  soluble  minersl  products,  which  are  plant  food. 
This  decay,  together  with  removal  of  portions,  causes  minerals 
and  rocks  to  crumble. 

In  cold  cliinates  the  mechanical  work  of  water  is  of  impor- 
tance in  disinte- 
grating rocks. 
The  water,  in  the 
soil,  in  the  joint 
planes,  and  in  the 
microscopic  rock 
crevices,  freezes 
in  winter.  When 
water  freezes  it 
mustexpand;  and, 
as  a  bottle  breaks 
when  waterf  reezes 
in  it,  so  in  winter 
the  rocks  are  often 
broken  by  frost  action.  This  frost  work  is  an  important 
agent  of  rock  disintegration  (Figs.  49,  52,  54). 

Summary.  —  Wnler  percolates  into  soil  and  even  rock.  It  dis- 
solves some  minerals,  changes  others,  and  thrts  canses  the  rocks  to 
disintegrate.     In  cold  climates,  frost  also  aids  in  disintegration. 

23.  Influence  of  Air  In  Weatberlng.  —  Warming  causes  rocks  to 
expand,  and  cooling  causes  them  to  contract.  A  fire  built  against 
a  rock,  for  example,  causes  it  to  expand  and  crack.  In  hot  des- 
erts the  warming  of  rocks  by  day,  and  cooling  by  night,  are  im- 
portant means  of  disintegrating  them. 

The  oxygen  and  carbon  dioxido  of  the  air,  taken  underground 
by  water,  help  in  the  work  of  disintegration;  they  also  cause 
changes  in  damp  soil  and  rock  at  the  surface. 

Sommaxy.  —  Air  helps  in  rock  distntegralion  by  its  changes  in 
temperature  and  by  supjAying  oxygen  and  carbon  dioxide. 

24.  OrgaalsniB  as  Agents  of  Weathering.  — The  roots  of  plants 
help  to  pry  rock  materials  apart.    In  their  search  for  water  and 
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plant  food,  the  roots  and  tiny  rootlets  enter  any  crevice  to  be 
found  (Fig,  53).  On  growing  larger  they  exert  such  a  pres- 
suie  on  the  walls  of  the  crevices  as  often  to  rupture  them. 
In  this  way  soil  is  pulverized  and  rocks  broken  apart. 

The  ash  left  when  wood  is  burned  is  largely  mineral  matter 
that  the  roots  have  taken  as  plant  food.  This  proves  that  plants 
remove  mineral  substances  from  the  soQ  and  rock,  and  there- 
fore that  they  help  in  disintegration.  They  aid  also  by  sup- 
plying carbon  dioxide  and  organic  acids  to  water  which,  on 
Boaking  into  the  soil,  passes  through  decaying  vegetation. 

Animals  are  likewise  effective  agents  of  weathering,  This  is 
especially  true  of  burrowing  aoimals,  such  as  earthworms,  moles, 
auts,  woodchucks,  and  prairie  d<^.  They  stir  up  the  soil,  thus 
making  it  more  open  to  the  entrance  of  water;  they  bring  soil  to 
the  surface,  thm  exposing  it  to  the  weather ;  and  some,  like  the 
earthworms,  take  soil  into  their  stomachs,  grinding  it  a  little  as 
it  passes  through.  EarthworniB  are  among  the  most  important 
of  agents  in  soil  preparation. 

Simuiuiy. — Weathering  is  aided  by  plant  roots,  which  pry  off 
fiagmenta  and  remove  mineral  aubataiices;  by  carbon  dioxide  ajui 
organic  acids,  supplied  from  decaying  vegetation;  and  by  Ike  action 
of  burrovnng  animalu,  especially  earthworms. 

25.  Rate  of  Weathering.  —  Because  the  weather  has  completely 
destroyed  their  form,  it  has  been  necessary  to  replace  certain  stone 
ornaments  (gargoyles)  that  were  placed  on  the  Lincoln  Cathedral, 
in  England,  about  seven  centuries  ago.  On  the  other  hand,  deli- 
cate scratches  on  rocks,  made  by  glaciers  not  leas  than  5000  years 
ago,  are  still  perfectly  preserved  wherever  they  have  been  covered 
by  a  foot  or  two  of  soil  (Fig.  289).  These  facts  show  that  the 
rate  of  weathering  is  slow,  but  that  it  varies  with  circumstances. 

The  nature  of  the  rock  is  one  cause  for  ditferenoe  in  the  rate  of 
weathering.     Some  rocks  disintegrate  quickly,  others  slowly. 

Another  cause  for  variation  is  climaie.  Where  there  is  little 
moisture,  as  in  deserts,  there  can  be  little  change  due  to  frost, 
solution,  or  decay,  and  weathering  is,  therefore,  very  slow.  An 
obelisk  (Fig.  50),  which  had  stood  for  over  3000  years  in  the 
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desert  climate  of  Egypt,  began  to  decay  so  rapidly  when  removed 
to  tte  damp  climate  of  New  York  that  it  was  necessary  to  protect 
it  with  a  glaze.  In  cold  climates,  frost  action  is  very  active;  in 
hot,  damp  climates  the  abundant  vegetation  supplies  organic  sub- 
stances to  the  warm  percolating  water,  greatly  aiding  it  in  its  work 
of  changing  and  dissolving  the 
minerals. 

Exposure  is  also  of  impor- 
tance iu  determining  the  rata 
of  weathering.  Even  a  thin 
soil  cover  protects  the  rock 
from  the  weather.  Rock  frag- 
ments, loosened  by  weathering, 
remain  on  level  surfaces  and 
gentle  slopes,  forming  a  protect- 
ing soil  blanket.  But  on  steep 
slopes,  from  which  the  fr^- 
meuts  fall  away  as  fast  as  they 
are  loosened,  the  rock  is  kept 
constantly  exposed  to  the  ele- 
ments (Figs.  54,  57).  There- 
fore, cliffs,  precipices,  and 
mountain  slopes  are  places  of 
relatively  rapid  weathering. 
That  the  rocks  are  crumbling 
is    proved   by  the    fact   that 

Fi<..50.-TheObeliAliiCentrHPark.  ^''^^^  "°^  ""^^  *'»^"  *  ^^B" 
ment  falls  from  the  cliffs  (Fig. 
57) ;  but,  even  in  the  most  favorable  places,  weathering  is  so  slow 
that  one  might  see  no  great  change  in  a  lifetime.  Centuries  are 
required  for  great  changes. 

Summary.  —  Ei'en  under  the  mont  favorable  conditions,  twathering 
is  very  shiv.  lis  rate  varies  with  the  rock,  climate,  exposure,  and 
steepness  of  slope.  Sleep  slopes  are  especially  favorabje  beeauae  the 
failing  away  of  loosened  fragments  leaves  the  rocks  exposed. 

26.  Results  of  Weathering.  — Without  question,  the  most 
important  result  of  weathering  is  the  formation  of  soil. 


Flo.  M.  —  A  Ht«ep  po&k  Id  the  high  Alps  vhere  frost  action  Is  powerful.  Notice 
the  many  cracks  In  the  rock.  Water  eiilers  along  these,  and  every  noir  and 
then  a  fragment  breaks  airay  and  falls  to  the  base. 
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While  some  of  the  crumbling  rock  is  removed  in  solution, 
there  is  a  remnant,  or  residue,  which  cannot  be  dissolved. 
This  remnant 
forms  retidual  ioil 
(Figa.  55,  56), 
which  Bometimes 
mantles  the  rock 
to  a  depth  of  over 
a  hundred  feet.  A 
large  part  of  the 
land  is  covered  by 
residual  soil,  rest- 
ing ou  the  rock 
whose  decay  pro- 
duced it.  Other 
kinds  of  soil  are 
those  brought  by 
wiud,  by  rivers, 
and  by  glaciers.     Such  soils  are  not  residual,  but  transported. 

Weathering  supplies  mineral  substances  for  underground  water 


FlO.56.  — AdiBjtraraMllluBtrste  the  tormalionot  residual  soil.  NoHce  thM  the 
toil  Is  finer  near  the  surface,  where  roots  aad  earthworms  penetrate,  and  th«t 
It  grades  downward  lnt«  toUd  rock.  . <,)''MC 
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to  remffre  in  Bolution.  It  is  this  that  gives  "  hardness  "  to  water, 
and  the  valuable  properties  to  man;  mineral  springB.  One  of  the 
most  common  of  these  dissolved  mineral  substances  is  carbonate 
of  lime,  which  supplies  corals  and  shell-bearing  animals  with  the 
lime  from  which  beds  of  limestone  are  made  in  the  sea. 

Rock  frsgments,  loosened  from  cliffs  by  weathering,  gather 
at  the  base,  forming  tcdut  tlopei  (Figs.  57,  66).  Occasionally 
great  masses  are  loosened,  falling  as  landslides  or  avalancAei 
(Figs.  58,  161, 162).  There  is  also  a  very  slow,  almost  im- 
perceptible movement  of  rock  fragments  down  even  gentle 
slopes.     It  is  this  that  makes  the  streams  muddy. 

These  rock  fragments  are  used  by  the  rivers  as  tools  (Fig. 
57)  in  cutting  their  valleys ;  and,  on  reaching  the  sea,  they 
are  deposited  as  beds  of  sedimentary  rock  (p.  32).  By  this 
removal  of  rock  fragments  and  dissolved  mineral  substances, 
supplied  by  weathering,  valleys  are  being  slowly  broadened. 

Finally,  weathering  is  a  delicate  tool  of  rock  sculpturing. 
It  easily  discovers  which  rocks  are  weak,  and  which  durable ; 
and,  by  removing  the  weaker  rocks  faster,  it  etches  the  dura- 
ble strata  into  relief  (Figs.  38,  59).  The  importance  of  this 
fact  is  more  fully  shown  in  later  chapters. 

Summary.  —  Among  the  important  resvUs  of  weathering  not 
already  described  are,  (1)  the  formation  of  residual  soil,  or  soil  of 
rock  decay;  (2)  the  supply  of  soluble  mineral  siAstances  to  water; 
(3)  the  formation  of  talus  and  avala?iches  ;  (4)  the  supply  of  cutting 
tools  to  rivers;  (5)  the  supply  of  materiaia  for  the  formation  of  sedi- 
mentary ^rata;  (6)  valley  broadening ;  and  (J)  rock  sculpturing. 

37.  The  Agents  of  Erosion.  —  Besides  weathering,  which 
disintegrHtes  the  rock,  thus  preparing  it  for  removal,  there- 
are  several  agents  of  erosion  which  remove  and  deposit  rock 
fragments.  The  work  of  these  agents  is  fully  stated  in  other 
chapters  and  now  requires  mere  mention. 

These  agents  are  :  (1)  vfind,  especially  active  along  the  coast 
(p.  216)  and  in  deserts  (p.  87),  where  there  is  little  vegetation 
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Fio.  S9.  —  A  vievi  In  the  Colorado  Canyon,  wh^re  the  cltfla  have  been  aculptnred 
b;  ireatlieTlnK  and  erosion,  bringing  the  hard  rocks  Into  relief,  ftod  giving 
tb«  softer  strata  more  gentle  slopes. 
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kto  protect  the  soil;  (2)  rivers  (Chapter  IV),  everywhere  at 
^ork  removing  materials  supplied  by  weathering,  and  at  the 
same  time  often  deepening  their  own  valleys  with  the  rock 
fragments  that  they  carry  ;  (S)  the  ocean,  whose  waves,  tides, 
and  cnrrents  attack  the  land  along  the  coast  (Chapter  XI), 
and  in  which  sediment  washed  from  the  land  is  deposited 
(pp.  32,  176);  (4)  lake*,  which  resemble  oceans  (p.  220); 
and  (5)  glacier*  (Chapter  VIII),  at  present  important  only 
in  high  mountains  and  in  the  frigid  zones. 

SmniiMiy.  —  Tlte  agents  of  erosion  —  tnind,  rivers,  ocean,  la^ea, 
and  ^Adera — remove  and  deposit  rock  fragments. 

38.  DeoBdatlon.  —  The  combined  work  of  the  agents  of  weather- 
ing and  erosion  may  be  called  denudation.  By  denudation  the 
lands  are  being  sculptured  (Fig.  59)  and  their  geueral  level  lowered. 
If  the  material  removed  by  the  Mississippi  River  were  taken 
eqtaally  from  every  part  of  its  drainaf^e  area,  the  surface  of  the 
valley  would  be  lowered  one  foot  in  6000  years. 

Opposed  to  this  tendency  to  wear  the  land  away  is  the  con- 
stant change  in  level  of  the  land  (p.  35),  by  which  plains  are 
being  raised  above  the  sea,  plateaus  made  higher,  and  mountains 
uphfted  (p.  21).  These  uplifts  are  continually  giving  denudation 
new  work  to  perform.  Were  it  not  for  this  elevation  of  the  land, 
it  is  probable  that  the  continents  would  have  long  since  been 
reduced  nearly  to  sea  level;  for  the  age  of  the  earth  is  very  great. 

Sanunsry.  — Denudation  is  the  comfttned  work  of  weathering  and 
epMton.  S  tends  to  tower  the  land;  but,  though  the  age  of  the  earth 
u  great,  frequetU  upHJi  has  prevented  it  from  lowering  the  continents 
to  the  condition  of  a  level  plain. 

89.  Age  of  the  Earth.^ —  No  one  knows  how  old  the  earth 
is.  But  all  who  have  studied  the  question  are  agreed  that  it 
cannot  be  less  than  many  millions  of  years,  and  most  geolo- 
gisto  hold  that  it  must  be  at  least  a  hundred  million  years. 
The  evidence  of  this  vast  age  cannot  be  stated  in  an  elemen- 
*  for  a  list  of  Ibe  geoloslcal  perioda.  >ee  Appendix  D 
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tary  book  ;  but  the  following  facts  may  help  the  student  to 
underBtand  why  it  Beems  a  necessary  conclusion. 

So  slow  is  the  work  of  denudation  that  a  person  living  by 
a  river  side,  or  on  the  seashore,  may  see  no  notable  change, 
even  in  a  lifetime ;  yet  careful  study  will  show  that  slow 
changes  are  in  progress.  Geological  study  has  proved  that 
slow  changes  have  accomplished  great  results  in  the  past ; 
and  this  could  not  have  happened  unless  there  had  been  a 
great  length  of  time  involved. 

Among  these  evidences  of  great  changes  are  the  following.  The 
Colorado  River  has  slowly  cut  a  canyon  over  a  mile  in  depth. 
Lofty  mountain  ranges  once  existed  where  New  York  and  Phila- 
delphia now  stand ;  but  they  have  been  slowly  worn  away.  Volca- 
noes have  also  been  worn  down  to  their  very  roots.  To  have  slowly 
accomplished  these  great  results  demands  vast  periods  of  time. 
Sedimentary  rocks  furnish  evidence  leading  to  the  same  conchi- 
aion.  It  requires  years  for  a  layer  of  sediment  a  foot  thick  to  be 
deposited ;  yet  some  sections  reveal  40,000  feet  of  strata  that  were 
deposited  in  ancient  seas. 

From  these  geological  facts  the  conclusion  that  the  earth 
is  vastly  old  seems  inevitable ;  and  the  inference  is  supported 
by  evidence  furnished  by  physicists  and  biologists.  Conse- 
quently, all  geologists  and  physical  geographers  are  now  as 
convinced  on  this  point,  as  astronomers  are  that  the  sun  and 
stars  are  millions  of  miles  away.  To  really  appreciate  the 
conclusions  reached  in  the  following  pages,  the  student  must 
start  out  with  the  same  belief. 

Summary. — Evidence  furnished  by  geologists,  physicists,  and  biol- 
ogists proves  that  the  age  of  the  earth  is  many  millions  of  years. 

Topical  Outltne,  Questions,  and  Sugoestioms. 
Topical  Outlike. —  17.   Relation  of  Han  to  the  Land.  —  Changea 
noted  on  a  railway  journey:  larger  features;  smaller  features;  indua- 
triea;  cities;  relation  between  land  form  and  industries. 

18.   Bocks  of  the  Croat Three  divJMoiiB.      (A)  Sedimentary  rocks: 

•naDuer  of  deposit;  terms  uaed:  consolidation.     (B)  Igneous  rocks;  OD 
i_^■^ 
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the  Bitrfaoe;  intruded  into  the  Croat.  (C)  Meiamorphic  rockt:  cause; 
reiolte;  metamorphisnt  in  mountftiiis.  (U)  ResUtance  qf  rocki:  differ^ 
enixa  in  minerals i  in  rocks;  eSect  on  land  form. 

19.  Cbansu  in  Level  of  the  Land.  —  Slow  wearing  away;  movements 
of  the  cruet;  cause;  proofs,  —  from  rocks,  from  present  changes;  in- 
*tinces ;  two  classes  of  movements ;  effect  on  continents. 

20.  Disturbance  of  the  StiatA.  —  Original  position ;  position  in  plains; 
inmonntains;  fault;  anticline;  syncline;  dip;  monocline;  unsTmmetri- 
ctlfold;  overturoed  fold;  cmmpliog;  joint  planes;  importance. 

21.  Atents  of  Weatheiing.  —  Agents  at  work ;  nature  of  process ;  result. 

22.  Work  of  Dndeignnind  Water.  —  Entrance  of  water;  proof  of  its 
t^vsence,  —  wells,  plant  roots,  spiings;  solution;  substances  aiding  solu- 
tion; changes  in  minerals;  result;  plant  food;  frost  action. 

23.  Influence  of  Air  in  Weathering.  —  Heat  and  cold ;  effect  of  ozjgen 
ud  carbon  dioxide. 

21.  Organinms  as  Agents  of  Weathering.  —  (a)  Plants :  mechanical  work 
of  roots;  removal  of  mineral  substances;  aid  to  underground  water. 
(()  Animals:   kinds;   work  dune;   earthworms. 

25.  Kate  of  Weathering.  —  Illustrations  of  differences  in  rate;  effect 
of  rock ;  of  climate,  —  arid,  damp,  cold,  warm  and  damp ;  of  exposure, — 
gentle  slopes,  steep  slopes;  slowness  of  weathering. 

26.  Besulta  of  Weathering.  —  Residual  soil;  other  soils;  dissolved 
mineral  substances;  talus;  avalanches;  supply  of  tools  to  streams;  for- 
mation of  sedimentary  strata ;  valley  broadening ;  rock  sculpturing. 

27.  The  Agent*  of  Erosioo.  — Winds;  rivers;  ocean;  lakes;  glaciers. 

28.  Deimdation.  —  Definition;  tendency;  effect  of  uplift. 

39,  Age  of  the  Earth.  —  Probableage;  reasonsfor  belief ;  illustrations; 
importance  of  grasping  the  conception. 

Questions.  — 17.  What  land  forms  are  seen  on  a  journey  from  Phila- 
delphia to  Chici^o?     What  relation  between  land  forms  and  industries? 

18.  What  are  the  three  divisions  of  rocks?  (A)  How  are  rock  frag- 
ments assorted  by  water?  What  is  the  meaning  of  the  terms  strata, 
stratDm,  and  stratified?  How  are  stratified  rocks  consolidated  ?  (B)  In 
what  conditions  are  igneous  rooks  accumulated  on  tlie  surface?  De- 
Mribe  three  kinds  of  igneous  intrusions.  (C)  What  is  the  nature  of 
metamorphiam,  and  its  results?  H'hy  is  it  so  common  in  mountains? 
(D)  How  do  minerals  vary  in  durability?  What  two  conditions  inflii- 
enee  the  rate  of  rock  dbintegration?  What  effect  has  this  on  the  form 
of  the  land? 

19.  What  changes  are  in  progress  on  the  earth's  surface?  What  evi- 
dences are  there  of  past  and  present  changes  of  level?  What  is  the 
nature  of  theae  movemeuta  7    What  effect  has  this  on  the  continents? 
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30.  Why  ue  the  stnU  of  plains  commonly  horizoDtal?  Whtttistfaea 
conditioD  in  mouDtains?  Define  fault;  anticline;  incline;  dip;  monO' ,-, 
ctine.  Draw  diagrams  to  illustrate  synimetricsl,  udsju metrical,  and  over-  ^ 
turued  folds.    What  are  joint  plaoes?    Of  what  importance  are  they?       .. 

21.  What  are  the  agents  of  weathering  and  how  do  they  work  ? 

22.  How  does  underground  water  enter  the  rocks?  What  proofs  are  ' 
there  of  its  presence?  In  what  two  ways  does  it  work  chemically  id  dis-  • 
integrating  the  rocks  ?    How  does  it  work  mechanically?  , 

23.  In  what  ways  is  the  air  effective  ss  an  agent  of  weatheriDg? 

24.  In  what  ways  do  plants  aid  in  weathering?    Animals? 

2fi.  Give  illustrations  of  differences  in  iat«  of  weathering.  State  the  '. 
three  chief  causes  for  differences.    What  effect  has  exposure? 

26.  How  is  residual  soil  formed?  What  other  kinds  of  soil  are  there?  i 
State  the  other  effects  of  weathering. 

27.  What  work  ia  accomplished  by  the  agents  of  erosion? 

28.  What  is  denudation?    How  ia  it  opposed? 

39.   What  evidence  is  there  that  the  age  of  the  earth  ia  great? 

SuaoRSTioKS. —  (1)   Imitate   sedimentation  in  a.  glass  dish.    Place  ^ 
sand,  pebbles,  and  clay  in  the  dish  with  water.     Stir  vigorously  and  let  it  , 
settle.     Sprinkle  on  the  water  a  handful  of  sand,  clay,  and  pebbles.    (This   ; 
experiment  may  be  made  even  more  effective  if  a  mixture  of  sand,  pel>  ; 
hies,  and  clay  is  made  to  represent  land,  then  washed  with  a  aprinkling    , 
pot  into  a  glass  aquarium  partly  filled  with  water.)     Where  does  the 
finest  material  settle?    Are  the  layers  horizontal?    Vary  the  rate  of   , 
washing  and  observe  what  happens.     (2)  Even  if  the  rocks  and  miner> 
ala  in  Appendix  C  are  not  studied,  specimens  of  quartz,  feldspar,  calcite, 
sandstone,  limestone,  granite,  and  marble  should  be  studied.    The  last 
four  can  be  obtained  readily,  probably  in  a  stone  yard.    The  three  min- 
erals may  be  purchased  from  a  mineral  dealer  for  a  very  smalt  Rum.    Do 
not  get  valuable  speoimena,  but  buy  by  the  pound  and  break  it  np  for 
class  use.    Study  the  characteristics  mentioned  in  tlie  Appendix.    (3)  Are 
the  rocks  of  your  neighborhood  horizontal  or  tilted  ?    If  the  latter,  can 
you  find  folds  or  faults  ?      Di-scribe    what   you   find.     Look   for   joint 
planes  and  study  them ;  take  their  direction  with  a  compass ;  does  water 
escape  from  them  ?    Are  there  any  quarries  in  which  they  are  of  nse? 
(4)  Find  specimens  of  rock  in  the  fields,  or  elsewhere,  showing  weather- 
ing.   What  signs  of  weathering  do  yon  find  ?    Are  there  red  or  yellow 
stains?     What   causes   them?     (5)    To   prove   that  water   expands   on 
freezing,  fill  a  bottle  with  water  and  freeze  it.    Kven  a  toy  cannon, 
plugged  tightly,  would  break.     (6)  Place  a  thin  piece  of  stone  in  a 
fire.     Does  it  crack?     Heat  another  small  piece  slowly,  then  cool  it 
quickly  by  placing  it  In  cold  water.    These  experiments  illustmte  the 
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expansion  with  beat  and  contraction  with  cold,  though  of  course  in 
nature  the  changes  are  not  80  great  as  this.  (7)  Look  for  illustra- 
tions of  rootii  prying  rocks  apart.  This  may  best  be  seen  on  cliffs 
where  trees  are  growing.  Tell  what  you  see.  (8)  Watch  the  earth- 
worma.  The  "casts"  left  when  they  are  driven  out  of  the  swollen 
grouEtd  after  a  heavy  rain  are  made  of  earth  from  their  stomachs.  What 
evidence  do  yon  find  that  earthworms  help  in  weathering  V  Darwin  con- 
sidered them  of  enough  importance  to  write  a  book  on  them.  (9)  If  you 
live  in  a  glaciated  country  (Fig.  270J,  look  for  glacial  scratches  recently 
uncovered.  Are  they  fresh?  Why?  Look  for  others  uncovered  for  a 
longer  time.  Are  they  fresh?  Why  f  (10)  Study  the  soil  of  your 
vicinity  carefully  and  tell  its  characteristics.  (11)  If  you  can  find  a  cliff, 
look  for  a  talus  slope.  Of  what  is  it  made?  Are  the  fragments  angular  or 
round?  Are  they  all  of  the  same  kind  of  rock  as  the  cliff?  Have  any 
fragnaenta  been  removed  by  water?  Have  any  fallen  recently?  Go  there 
in  spring,  when  the  frost  is  coining  out  of  the  ground,  and  see  if  there 
have  been  recent  falta  (12)  If  the  water  of  your  vicinity  is  hard, 
find  out  if  mineral  is  deposited  in  tea  kettles  or  in  engine  boilers.  Per- 
hape  the  teacher  of  chemistry  may  suggest  a  way  of  proving  that  there  is 
mineral  in  the  water.  (13)  Are  any  of  the  streams  that  you  know  receiv* 
ing  rock  waste  from  the  valley  aides?  When  does  most  come?  Watch 
the  streams  to  see.  Does  this  sediment  prove  that  denudation  is  now  in 
progress?  Would  much  change  take  place  in  a  year?  In  a  century?  In 
a  million  years?     Think  of  this  carefully. 

Befeience  Books.  —  Lyell,  Principles  of  Geology,  2  vols.,  Appleton, 
New  York,  1877  (out  of  print),  fS.OO;  Gicikie,  Text-book  of  Geology, 
Macmillan  Co.,  New  York,  4th  edition,  IWJ,  «10.0O;  Dana,  Manuai  of 
Geology,  American  Book  Co.,  New  York,  lS9u,  SS.OO;  LeConte,  ElenunU 
of  Geology,  Appleton  &  Co.,  New  York,  1&03,  ♦i.OO;  Tarr,  Elementary 
Geology,  TAacmiWKa  Co.,  New  York,  1902,  91-40;  Scott,  Inlroduclion 
la  Geology,  Macmillan  Co.,  New  York,  1902,  91.90;  Grikik,  Clou  Book 
of  Geology,  Macmillan  Co.,  New  York,  188ft,  SI. 10;  Brigham,  Text- 
book of  Geology,  Appleton  &  Co.,  New  York,  1901, 11.40 ;  Merrill,  Rockf, 
Rock  WeaAeriag,  and  Soils,  Macmillan  Co.,  New  York,  1897,  $4.00; 
Sralkk,  Origin  and  Nature  of  Soils  (p.  219),  12tlt  Annual,  U.  S.  Geological 
Survey,  Washington,  D.C. 
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CHAPTER  IV. 

SIVHBB  AND   RIVER  .VAIiLHTS. 

30.  Supply  of  Water.  ~  Part  of  the  rain  water  retuma  to 
the  air  by  evaporation,  part  ainka  into  the  ground,  and  part 
ruaa  off.  That  portion  which  passes  back  to  the  air  need 
not  be  considered  Iiere.  Most  of  that  which  sinks  into  the 
ground  (p.  39),  eventually  returna  to  the  surface  by  slow 
seepage  and  from  springs.  It  may  continue  for  months  on  ita 
slow  underground  journey  before  finding  conditions  that 
favor  its  return  to  the  surface.  Were  it  not  for  this  steady 
source  of  aupply,  after  each  rain  rivers  would  quickly  dry  up. 
Then  river  navigation  would  be  stopped,  river  water  power 
would  frequently  fail,  and  the  water  supply  of  many  cities 
would  be  cut  off  for  a  large  part  of  the  time. 

From  a  third  to  a  fourth  of  the  rain  water  runs  off  at  the 
surface.  Therefore  every  rain  swells  the  volume  of  the 
streams,  adding  greatly  to  the  steady  supply  from  under- 
ground. When  the  snow  melts  or  the  rains  are  heavy,  the 
rivers  may  be  quickly  transformed  to  raging  torrents  (Figs. 
60,  61). 

The  presence  of  the  forest  tends  to  reduce  floods.  Its  dense 
undergrowth,  the  mat  of  decaying  vegetation,  and  the  tangle  of 
roots  seriously  interfere  with  the  run  off  of  the  water.  There  is 
a  greater  run  off  (1)  during  heavy  rains  than  during  long,  slow 
drizzles;  (2)  on  clay  soils  than  on  sandy  soils;  (3)  on  frozen 
soils  than  on  those  with  no  frost. 

Some  rivers  have  their  water  supply  regulated.  This  is  true  of 
those  whose  aupply  comes  chiefly  from  large  and  copious  springs 
(p.  59).  Lakes  act  as  regulating  reservoirs,  out  of  which  streams 
flow  with  little  change  in  volume;  thus  the  volume  of  Nif^ara  ia 
almost  always  the  same.     Swamps  also  help  to  regulate  the  water 


-The  same  u  FHg.  60  after  a  heavy  mln. ,  ,i  ■,  GoOt^le 


Fia.62.  — A  niD-acnlptarad  urtb  Ft«.  63,  — A  raiD-ecnlptarad  column  in  » 

oolamn  in  tbe  Tyrol  ot  Anatria.  clay  cliff  on  the  shoie  of  Lake  On- 

Thebowlderwbidicapslthelpa  tatlo,  in  Nen  York, 
to  protect  the  clay  beneath. 


Flo.  G4.  — A  view  In  the  Bad  Lands  of  South  Dakota  where,  u  (ar mods cu 

•ee,  the  aurtace  ia  nln-«culptiir«d.  <-'>'"  ' 
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sapplj.    Glaciers  regulate  tlie  flow  of  many  mountain  streams ; 
but  the  melting  in  summer  greatly  increases  their  volume. 

Sammaiy.  —  Uiidergrou)id  water  gives  to  ttreams  a  steady  atipf^y  ; 
the  raina  and  melting  anowa  increase  their  volume.  The  fore^,  nature 
of  the  rain,  soila,  and  frost  influence  the  run  off.  Springs,  lakes, 
KOinips,  and  glaciers  tend  to  regulate  the  volume  of  rivers. 

31.  R^ln  Sculpturing.  —  The  surface  ot  a  road  or  a  plowed  field 
is  often  gullied  by  the  washing  action  of  rains  and  lain-bom 
rills.  The  material  removed  is  carried  on  toward  the  larger 
streams.  lu  moist  countries  (Figs.  62,  63)  this  rain  sculpturing  is 
not  usually  so  noticeable  as  in  arid  regions  where  there  is  little 
vegetation  to  protect  the  soil.  Loose  clayey  soils  are  deeply  gul- 
lied by  the  occasional  heavy  rains  of  arid  regions ;  but  there  is  so 
little  weathering  that  the  steep  slopes  are  not  greatly  rounded. 
Such  rain-sculptured  lands  are  known  as  Bad  Lands,  one  of  the 
largest  sections  being  in  South  Dakota  (Fig.  64).  They  are  unfit 
for  agriculture,  and  even  for  cattle  raising.  Where  the  forest  has 
been  cleared  for  centuries,  as  in  parts  of  Greece  and  Italy,  rain 
sculpturing  has  destroyed  much  farm  land. 

SumnuuT.  —  In  arid  lands,  and  where  the  forest  has  been,  removed, 
the  land  is  sometimes  so  gullied  by  rain  aculptnring  as  to  unjit  it  for 
agriculture.     In  the  Wett  such  regions  are  known  as  Bad  lAinds. 

32.  The  Rock  Load  of  Rivers.  —  To  the  mineral  load  which 
is  brought  in  solution  by  underground  water  (p. 39)  is  added 
some  which  the  river  water  dissolves  from  its  bed.  This 
dissolved  load  is  sometimes  very  noticeable,  as  when  river 
water  is  "  hard,"  or,  as-  in  southwestern  United  States,  even 
salt  or  alkaline. 

Fragments  of  rock,  loosened  by  weathering  (Figs.  57,  66), 
ot  wa^ed  in  by  the  rain,  are  also  carried  by  rivers.  Water 
buoyg  up  these  suspended  rock  fragments  so  that  they  lose 
about  one  third  of  their  weight.  A  current  moving  at  the 
rate  of  one  and  a  half  or  two  miles  an  hour,  that  is  about  half 
as  fast  as  a  man  walks,  will  transport  small  pebbles;  one 
moving  a  quarter  of  a  mile  an  hour  carries  only  clay.  In 
^.,)0>Mc 
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mountain  torrents  bowlders  weighing  hundreds 
of  pounds  are  ewept  along ;  but  only  sand  and 
clay  can  be  moved  over  l-ivel  lowlands. 

These  rock  ffagmento  are  used  as  tools  of 

erosion.      The  grinding  of   pebbles  together 

rounds  them  and  gradually  wears  them  down 

ti,    to  sand  and  clay ;   and  the  river  bed  is  also 

'&>    worn  away,  or  eroded,  by  the  grinding  of  these 

&     fragments  against  it. 

^  The  load  which  rivers  bear  may  be  judged  from 
%  the  following.  The  Mississippi  River  annually 
^  carries  to  the  sea  7,500,000,000  cubic  feet  of  sedi- 
^  meut  This  would  make  a  prism  one  mile  square 
g  at  the  base  and  268  feet  high.  It  also  carries 
i  2,8dO,000,000  cubic  feet  of  mineral  matter  in  solu- 
J3  tlou.  Other  rivers  are  bearing  similar  loads. 
&  From  this  it  is  evident  that  rivers  are  perform- 
S  ing  a  gre.at  task  in  removing  rock  waste  from  the 
I     lands. 

f  Smmnary. — Rivers  bear  great  loads  of  mineral* 
~  in  solution ;  also  rock  fragments,  whose  size  varies 
g  vnth  ike  velocity  of  the  currents.  These  are  u»ed 
I      as  tools  of  erosion. 

^  33.  Erosive  Work  of  Riyers.  —  Rivers  aid  in 
S  lowering  the  land  by  removing  the  materials 
^  supplied  by  weathering  and  by  rain  wash. 
^  At  some  time  in  their  history  most  of  them 
^  are  also  at  work  in  a  vigorous  attack  on 
£  their  channels.  Tliis  work  is  both  chemical 
(corrosive)  and  mechanical  (corraeive),  and  it 
results  in  the  formation  of  river  valleys. 

Streams  cut  their  banks  (Figs.  69,  70)  as 
well  as  their  beds.  This  lateral  cutting  causes 
the  valley  to  be  broader  than  the  river  itself 
(Figs.  65,  67).    This  is  especially  true  where 


ia.OS. The GoDtilMli  River,  Colorado.    Rock  [ragmenU  from  the  cliffs  haT« 

mmde  k  talna.  which,  lUdlng  Into  the  rlveT,  aupplles  It  with  tools  for  work 
(see  mlio  Fig.  B7)<  A  railway  follows  this  oacron  valley,  one  of  Its  bridges 
being  teen  Id  the  distance.  To  pass  along  tbln  corB*  \t  has  to  wind  about, 
croeelnx  the  stream  by  bridges  and  tunnelnft  the  roolts. ,^s*^ 


a.  67.  — A  narrow  gorge  (Enfield)  in  central  New  York.  One  wall  of  a  pot 
hole  is  ae«n  In  tlie  (orcgrouud  on  the  left.  The  etream  coarse  Is  here  gnlded 
by  two  joiat  planes  which  cause  the  smootb,  BtnJght  walls  between  which 
Hm  water  is  flowlog. 


Fio.  68.  —  Ice  in  the  buhb  lall  u  Figs.  60  and  ai. 


Fio,  Tl.  — Watklns  Olen  In  Mnlral  New  York.  A  small  Btream  !■  cutting 
UilB  gorge  dvepur.  It  U  a  Buccesaion  ul  laplds  oad  cas<:adeB,  at  the  bsM  ol 
wblcb  pot  holea  are  betug  cut  In  the  sbala.  One  fairly  large  pot  hole  ftppean 
Id  Um  oeuT  toregrouud ;  others  are  aeea  lartber  upetream. 
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the  river  swings  againat  loose  material  which  slides  into  the 
stream  (Fig.  70). 

The  rate  of  valley  deepening  varies  greatly  according  to 
the  rock,  the  slope,  and  the  volume.  A  stream  naturally  cuts 
faster  in  soft  than  in  hard  rock ;  on  steep  slopes  than  on 
gentle  slopes ;  with  great  volume  than  with  small  volume. 
The  effect  of  difference  in  volume  may  be  seen  in  many 
streams,  which  at  ordinary  times  do  little  work  of  erosion, 
but  when  in  flood  become  powerful  erosive  agents  (Fig,  61). 

Since  sediment  supplies  rivers  with  cutting  tools,  this  also 
has  an  important  effect  on  river  erosion.  When  there  is  little 
sediment,  erosion  is  greatly  reduced.  For  example,  Niagara 
River  emerges  from  Lake  Erie  as  clear  water,  the  sediment 
having  been  deposited  in  the  lake.  Therefore,  down  to  the 
Falls,  the  river  has  been  able  to  do  very  little  toward  cutting 
a  valley  (Fig.  483).  The  Colorado  River,  on  the  other  hand, 
wiUi  a  heavy  load  of  sediment,  has  cut  an  enormous  canyon 
(tigs.  1,  477),  which  it  is  still  rapidly  deepening. 

Other  rivers,  like  the  lower  Mississippi,  have  more  sedi- 
ment than  they  can  carry,  and  must  deposit  some  of  it,  build- 
ing up  their  beds.  Rivers  that  are  deepening  their  valleys 
are  said  to  be  degrading  (Fig.  71),  those  that  are  building 
up  their  beds  are  aggrading  their  valleys  (Fig.  112). 

J(Hnt  planes  also  influence  the  rate  of  erosion,  and  sometimes 
direct  the  course  of  a  stream  (Fig.  67).  Ice  (Fig.  68)  is  like- 
wise of  importance,  lu  winter  it  diminishes  the  supply  of  water; 
but  in  spring  its  melting  adds  to  the  floods;  and  it  pries  and 
breaks  off  fragments  of  the  rock  and  carries  them  along. 

Siuiuiury.  —  Rivera  cut  verticaily  on  their  beda,  and  laterally  at 
their  banks,  the  rate  varying  with  the  rock,  slope,  volume,  arid  sediment 
ntpply.  Some  rivers  are  aggrading,  others  degrading  their  vaUeys. 
Joint  planes  and  ice  also  influence  river  work. 

34.  Waterfalls.  —  When  a  stream  is  degrading  its  bed,  con- 
ditions are  often  discovered  TChich  cause  the  formation  of 
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rapids  sad  falls.  Most  commonly  it  is  a  difference  in  hard 
iiess  of  the  strata.  Soft  rocks  are  cut  more  rapidly  than  hard, 
aiivl  therefore  rapids  and  falls  occur  where  a  degrading 
stream  flows  from  a  hard  to  a  soft  layer.  Such  falls  are 
very  common  in  regions  of  horizontal  strata,  where  hard 
layers  (Fig.  72)  retard  erosion  while  weaker  layers  beneath 
are  removed.  This  undermines  the  hard  layer,  and  when  a 
piece  breaks  off,  the  fall  retreats  upstream  (Fig.  75),  always 
being  located  on  the  steep  edge  of  the  hard  stratum  (Fig. 
74).  There  are  thousand)]  of  illustrations  of  this,  of  which 
Niagara,  located  on  a  hard  layer  of  limestone  (Fig.  482),  is 
the  largest  and  best. 

Falls  and  rapids  cause  streams  to  concentrate  their  energy  in 
spots.  This  is  well  illustrated  by  Ni^ara,  where  the  falling 
water  has  excavated  a  deep  hole  at  the  base  of  the  fall.  Similar 
holes,  called  pot  holes  (Figs.  67, 71, 73),  are  common  in  Streams  that 
are  degrading  their  beds.  They  are  enlarged  and  deepened  by 
the  whirl  of  water,  which  carries  pebbles  about  with  it.  Pot-hole 
work  is  an  important  factor  in  the  excavation  of  valleys. 

Waterfalls  and  rapids  are  of  great  importance  in  supplying 
power,  the  water  being  led  through  canals  or  pipes  and  allowed 
to  fall  upon  a  wheel  which  turns  machinery.  Now  that  elec- 
tricity is  used  for  power,  falls  are  of  value  even  in  sparsely 
settled  regions.  Niagara  Falls  power,  transmitted  by  wire,  lights 
and  runs  the  cars  of  Buffalo;  falls  in  the  Alps  and  Sierra  Nevada 
supply  electric  power  for  places  miles  away. 

Summary.  —  Falls  and  rapids,  of  use  for  icaier  power,  are  common 
where  a  degrading  stream  flows  from  a  /tard  to  a  soft  stTatttm,  as  at 
Niagara.     Pot  holes  are  excavated  by  the  falling  water. 

LIFE   HISTORY   OP  A   RIVER   VALLEY 

A  river  valley,  like  an  animal  or  plant,  changes  as  it  grows 
older.  To  understand  these  changes,  or  the  life  history  of 
a  river,  it  seems  best  to  start  with  simple  conditions  —  a 
plain  of  moderate  elevation,  with  nearly  horizontal  Btratat 


Fm.  72.  —  A  bard  layerof  rockinBitreBm        Via.  T3.  — The  man  is  standing  In 
bed.    When  ihe  water  U  hl)[ber  there  a  pot  bole.     In   the  bottom 

Is  a  fall  here,  and  the  falling  water  there  are  small  round  atones 

removes  the  softer  layer  from  beneatb,  which  the  water  whirls  aboat, 

imdermlDlng  the  hard  stratum.  grinding  out  the  rock  and  thus 

deepening  and  enlargli^  the 


Fto.  T4  —Two  dtagrams  to  Illustrate  the  history  of  a  waterfall.  In  (he 
lett  band  flgure  a  hard  stratum  (the  darkest)  has  a  waterfall  (W)  over  Its 
edge  As  the  falling  water  nnderraines  this  hard  stratum  the  fall  r»- 
treata  upstream  always  being  Inoated  on  the  hard  layer.  At  a  later 
stage,  therefore,  (right  hand  flgiire)  the  fall  Is  farther  upstream  ;  and  falls 
are  also  present  on  the  same  layer  in  two  tributaries.  The  stream  ero- 
sion bas  formed  a  deep  gorge  below  the  fall,  as  in  the  case  of  Niagara. 


Pio.  TB.  — TanghaDDock  Palls  Dear  Ilhaca,  New  Totk,  220  feet  high.  Theaogla 
and  amooth  rock  (aces  near  the  upper  part,  and  the  angle  In  tbe  crett  ot  the 
(all,  are  caused  by  Jnlnt  planes.  A  few  years  ago  a  huge  block  fell  from  the 
crest  of  tbe  fall,  giving  Its  present  shape ;  before  that,  the  crest  of  the  fall 
projected  downstream. 
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and  a  moist  climate.  Later  study  will  sliow  that  maDy  livers 
depart  from  such  &d  ideally  simple  couditiou ;  but  these 
variations  will  be  better  understood  if  we  first  study  a 
simple  case.  Such  a  study  will  reveal  some  important  laws 
of  valley  formation. 

35.  Young  Stream  Valleys. — On  such  a  plain  as  that 
just  described  the  drainage  is  at  first  somewhat  indefinite. 
Water  fiUs  the  de- 
pressions in  the 
plain,  forming  shal- 
low lakes;  and  large 
expanses  of  the  level 
plain  form  flat- 
topped  divides, 
often  swampy,  be- 
caose  there  has  not 
been  time  enough 
for  many  tributaiies 
to  develop.  Wher- 
ever water  runs  off, 

it  flows  in  consequence  of  the  original  slope,  or  has  a  conse- 
quent cottrae.  Florida  (Figs.  T8,  79)  has  such  a  condition  of 
drainage. 

The  consequent  streams  quickly  cut  into  the  plain,  forming 
narrow,  steep-sided  valleys  (Fig.  76).  Aa  they  degrade  along 
their  beds  they  discover  differences  in  hardness  of  the  strata, 
and  therefore  develop  falls  (Fig.  74)  and  rapids.  At  the  same 
time  weathering  and  meandering  slightly  widen  the  valley. 

There  is  a  limit  below  which  no  part  of  a  stream  may 
deepen  its  bed,  and  this  is  called  its  baae  level  (Fig.  81).  The 
sea  is  the  permanent  base  level,  and  the  down-cutting  of  every 
stream  that  enters  the  sea  is  arrested  by  it.  Lakes  act  as 
temporary  base  levels;  but  their  effect  does  not  last  long, 
because  the  sediment  that  the  streams  bring,  quickly  fills  and 
destroys  them  (p.  164). 


.  7R.  —  A  yoDDg  stieam  yMej  on  s  plaia.  It  is 
»tin  well  above  baee  level;  the  divides  are  flut- 
topped ;  there  Bie  few  tribataTiea ;  aad  lakes  Etill 
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While  tbe  lakes  are  being  filled  and  the  vallej^s  deepened, 
tributaries  are  developing.  Little  by  little  tbe  tributary 
streams  gnaw  their  way  back  from  the  main  stream,  narrow- 
ing the  flat-topped  divides  and  in  time  draining  the  level, 
swampy  areas. 

A  stream  with  these  characteristics — ^  steep-sided  valleys, 
waterfalls,  lakes,  illy  defined  divides,  and  tributaries  only 
partly  developed  —  is  a  yowig  stream.  It  has  not  had  long 
to  work,  and  consequently  its  valley  is  not  thoroughly 
developed  i  it  is  still  growing.  A  young  stream  is  better 
developed  in  its  lower  portion  than  above,  as  a  young  tree 
has  a  thick,  strong  trunk  and  delicate,  growing  branches. 
The  Niagara  Gorge  (Fig.  483)  and  Colorado  Canyon  (Fig. 
1)  are  good  examples  of  young  stream  valleys  (see  also 
Figa.  77,  80) ;  but  no  lakes  remain  in  the  course  of  the 
Colorado. 

Although  such  valleys  are  young,  the  time  required  to  perform 
even  this  much  work  is  long  measured  in  years.  A  river  may  have 
been  working  for  5000  or  even  50,000  years,  and  yet  have  a  valley 
with  the  characteristics  of  youth.  As  in  the  case  of  plants,  some 
of  which  grow  old  in  a  few  days  while  others  require  weeks  or 
even  years,  so  in  river  valleys  there  is  a  great  difference,  under  dif- 
ferent circumstances,  in  the  time  required  to  pass  the  stage  of  youth. 
Yet  in  all  cases  the  features  of  youth  are  so  distinct  that  a  yout^ 
valley  is  hardly  more  difficult  to  distinguish  than  a  young  plant. 

Snnimary.  —  A  young  river  U  one  that  has  not  had  a  long  time 
for  development.  It,  therefore,  Iku  a  sleep-sided  vailey,  few  tribvta- 
ries,  indefinite  divides,  and,  if  conditions  favor,  waterfalls  and  Idkea. 
The  term  "  youth  "  does  not  refer  to  years,  but,  as  in  plants,  to  Jbm. 

36.  The  Grade  of  a  Stream. — The  lowest  grade  to  which 
a  stream  can  cut  its  channel  is  one  down  which  it  is  just  able 
to  carry  its  sediment  load.  The  grade  line  is  a  curve,  reach- 
ing base  level  at  the  river  mouth  and  rising  rapidly  near  the 
divide  (Fig.  81).  All  streams  that  have  not  reached  grade 
are  working  toward  it,  and  young  streams,  which  have  a 
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0.78.  — Mapof  apartof  thsFloclda  plain  whew  the  swampB  (Indicated  by  ..) 
and  lakeB  havB  not  yet  been  dmlned  by  the  young  Btreams  (*ee  Fig.  79).  The 
lines  arecontour  line*.  The  meaning  of  these  is  eiplaiaed  In  Appendix  L  (Part 
ol  Citra,  Fla.,  Topographic  Sheet,  U.  3.  Geological  Surrej.) 


Pio.  T9.  —  A  flat-topped,  swamp;  divide  in  the  Florida  plain,  od  wbich  the 
drainage  is  so  yoDOg  tbat  tlie  tribulsry  streama  have  not  had  time  to 
gnaw  back  and  natrotr  the  divide  8o  as  to  drain  the  swamps  (see  Fig.  78). 


fia,  go. A  young  valley  (on  the  right  of  the  center)  cut  in  Bo(t  material. 

The  sliding  down  o(  the  sides  baa  broadened  this  valley.    (Contrast  with 
Fig.  77  In  bard  rock.) 


Fia.  81.— IHagram  to  Illustrate  tlie  meaning  ol  grade  and  base  level. 
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steeper  slope  than  necessary,  are  actively  degrading  their  beds 
toward  grade.  It  often  happens,  however,  that  a  stream  has 
too  gentle  a  grade  to  move  its  sediment  load  over.  Then, 
to  secure  a  steeper  grade,  deposit  is  made.  Most  streams  on 
broad  floodplaina  are  thus  aggrading  their  valleys. 

Sonunary.  — The  grade  of  a  gtream  is  the  Unoett  slope  over  whicJt 
the  toater  can  move  its  aediment  had.  Young  streams  are  degrading 
their  vaileys  toward  this  grade;  but  many  alreams  are  engaged  in 
aggrading  their  course  to  secure  a  ste^r  grade, 

37.  Hatnre  Valleys.  —  When  grade  is  reached  by  a  river, 
further  down-cutting  ceases ;  but  weathering  of  the  valley 
sides  continues. 
This  slowly  broad- 
ens the  valley, 
wearing  the  sides 
back  and  making 
the  slopes  less  steep 
(Figs.  88,  85,  86). 
The  broadening  of 
the  valley  is  first  accomplished  near  the  mouth  ;  but  it 
slowly  extends  upstream.  Young  streams  exist  for  a  long 
time  among  the  headwaters,  as  young  twigs  appear  on  the 
outer  branches  of  even  an  old  tree. 

In  a  mature  stream,  grade  has  been  reached  throughout 
most  of  its  course,  and  any  lakes  that  may  have  existed  have 
long  since  been  filled.  Nor  can  there  be  waterfalls,  because 
the  graded  stream  is  no  longer  cutting  into  the  rock. 

Tributaries  have  developed  in  such  numbers  that  the  di- 
vides have  become  well  defined,  and  all  water  that  falls  on 
the  land  finds  slopes  ready  for  it  to  flow  down  (Fig.  82). 
Again  the  comparison  may  be  made  to  a  tree,  which  at  first 
has  a  trunk  and  few  branches,  but,  as  it  grows  older,  develops 
an  increasing  number  of  minor  branches  and  twigs. 

By  the  development  of  so  many  tributaries  the  number  of 
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slopes  and  the  amount  of  surface  exposed  to  weathering  are 
greatly  increased  (Fig.  84).  These  increasing  slopes  may 
supply  BO  much  sediment  to  the  main  streams  that  they 
cannot  carry  it  all  to  the  sea.  They  then  begin  to  aggrade 
their  courses  to  establish  a  steeper  grade  down  which  to 
carry  the  sediment.  In 
doing  this  they  build 
floodplains  (p.  61). 

Summary. — A  valley 

with  'moderately  sloping 
sides,  a  fairly  well  estab- 
Uxlied     grade,     no     lakat, 

„      „,     ^  ,.,  ,   ,  ,     ,  Katerfalls  or  rapids,  well- 

rio.  St.  —  To  IlliutraU  the  liicTaaae  in  slopes      -.   .      .     ..   .. 

ss  valleys  broaden.  The  line  .1  ^.  drawn  defied  dimdes,  numerom 
on  the  level  surface  of  a  yonnf;  plain,  tributaries,  and  Jloodjilains 
Itradually  lengthens  to  B  B  as  the  val-  ,■„  ^g  if,^^.  portion  is 
mature. 


leys  broaden  to  maturity. 


38.  Old  ValleyB.  —  Aa  valleys  grow  older,  the  slopes  become 
more  and  more  gentle  (Fig.  83)  lantil  the  surface  is  reduced  almost 
to  aea  level.  An  old  land  surface,  reduced  to  the  condition  of  a 
low,  rolling  surface,  is  called  a  peneplain  (almost  plain). 

Many  parts  of  the  continents  are  ancient  enough  to  have  become 
peneplains;  but  there  are  numerous  accidents  which  commonly 
intei^ere  with  this  result.  Of  these  accidents  the  most  important 
are  uplifts  of  the  land,  which  continually  give  to  streams  new 
tasks  to  perform.  Therefore,  few  valleys  have  passed  the  stage 
of  maturity. 

Summary. —  Old  valleys  are  so  broad  that  the  surface  in  reduced 
almost  to  a  plain,  or  to  a  peneplain  ;  but  uplift  of  the  land  is  so  fre- 
quent that  few  regions  have  reached  this  condition. 

39.  Importance  of  Valley  Form.  —  Young  valleys  encourage 
some  of  man's  activities  and  interfere  with  others.  The 
waterfalls  furnish  power;  and  the  lakes  are  valuable  for  navi- 
gation, for  their  influence  on  the  climate  of  neighboring  land, 
and  as  sources  of  food-^h  and  ice.     On  the  other  hand,  land 


Fia.  sa.  — Bailway  crossing  the  Appalacblans  fttong  one  o(  the  aarniw.  vlnding 
moimt&in  Talleys,  bo  »teep  that  the  forest  has  oot  been  removed.  Thla. 
Tslley  has  the  form  of  late  jooth,  or  early  matarity. 


Fto.  88,  —  Spring  wbers  waMr  poan  out  from  K  tlmesUme  ci 
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cat  by  young  valleys  is  difficult  to  cross,  the  valley  bottoms 
furnbh  poor  grades  for  rouds  and  railways  (Figs,  57,  66,  71, 
77),  and  much  of  the  country  is  unfitted  for  agriculture. 

In  contrast  to  young  valleys,  mature  valleys  are  the  seats 
of  agriculture,  and  their  fertile  floodplains  are  among  the 
best  farm  lands  of  the  world.  Travel  across  country  is  eaaj, 
and  the  river  valleys  are  important  highways  (Figs.  85,  86). 
Even  the  rivers  themselves,  if  large,  have  so  gentle  a  grade 
that  they  are  navigable.  Thus,  flourishing  farms  and  thriv- 
ing towns  and  cities  line  the  river  banks  and  dot  the  slopes  of 
mature  valleys.  This  is  well  illustrated  along  the  Mississippi 
valley,  which  offers  a  striking  contrast  to  the  young  Colorado 
valley  (Fig.  1). 

Summary.  —  Toung  vaUeya  are  vn/avorable  for  occupation  ;  but 
malwre  valleys  are  adapted  to  agriculture  aiid  dettse  settlement. 

40.  Springs  and  Underground  Channete.  —  Where  condi- 
tions are  specially  favorable,  underground  water  (p.  39)  is 
led  back  to  tlie  surface,  appearing  as  a  spring.  Sometimes 
it  comes  out  along  a  porous,  sandy  layer,  sometimes  along  a 
joint  plane.  There  are  many  springs  along  rivers  j  but  they 
occur  also  on  hillsides  and,  in  fact,  wherever  favorable  con- 
ditions direct  underground  water  to  the  surface. 

Some  large  and  [)ermanent  springs  rise  from  deep  in  the 
ground  through  fault  planes,  often  bringing  heated  water  to 
the  surface.  Such  springs  often  have  so  much  mineral  in 
solution  that  they  are  known  as  mineral  springs,  and  have 
important  medicinal  properties.  The  Hot  Springs  of  Ar- 
kansas, and  the  mineral  springs  of  Saratoga,  Carlsbad,  and 
Vichy,  are  examples  of  such  springs. 

Water  percolating  through  soluble  rock,  like  limestone,  dis- 
solves the  rock  along  joint  planes  and  bedding  planes.  This 
often  results  in  the  formation  of  long,  irregular  underground 
valleys,  or  caverns,  like  that  of  Mammoth  Cave,  Ky.  In  such 
a  country  much  of  the  drainage  is  underground  (Fig-  ^,7). 
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There  are  lai^e  surface  streams  with  few  tiibutaries,  the 
chief  water  supply  coming  from  the  springs  (Fig.  88)  that 
bring  the  cavern  water  to  the  surface. 

Entering  such  a  cavern,  one  passes  through  a  maze  of  dark, 
irregular  passages,  in  which  it  is  easy  to  lose  oneself.  From  the 
roof  hang  stalactitea  (Figs.  87,  91)  of  carbonate  of  lime,  which  the 
water  dissolved  in  its  passage  through  the  limestone  rock  and 
deposited  on  emerging  into  the  cavern.  In  form  they  resemble 
icicles.  Stalagmites  (Fig.  91)  are  built  up  from  the  cavern  floor 
by  the  dripping  water,  as  ice  columns  are  formed  under  a  spout 


FlO.  89.  — Tu  illustrate  the  furmatluD  of  limestone  caves.  Wntei  entering  the 
■ink  bolea  baa  lurmed  great  vertli^l  cavities,  and  also  horizontal  caverns 
tbrougb  which  it  flan'8,  emerging  In  the  form  o(  springs  near  the  nataial 
bridge  on  tbe  right. 

Often  the  stalactitea  and  stalagmites  unite  to  form  oolumns 
(Fig.  91),  and  sometimes,  as  in  the  Luray  Cave,  they  assume  weird 
and  even  beautiful  forms. 

The  surface  of  a  limestone  country  is  pitted  with  saucer-shaped 
depressions,  known  as  sink  holes  (Fig.  90).  Through  these  the 
water  dmias  into  the  ground,  though  sometimes  the  entrance  into 
the  ground  is  closed,  changing  the  sink  hole  to  a  pond.  These 
sink  holes  are  caused  by  settling  of  the  ground,  due  to  solution  of 
the  rock  beneath  (Fig.  89). 

Weathering,  lowering  the  sorface,  slowly  wears  away  the  cav- 
ern roofs.  Sometimes  only  a  small  part  of  the  roof  is  left,  span- 
ning the  valley  as  a  natural  bridge  (Fig.  92). 

Summary.  —  Springs  occur  where  conditions  direct  underground 

water  to  the  surface,  for  example,  a  porosis  layer,  a  joint  plane, 
fault  plain  (many  hot  or  mineral  springs),  or  a  cavern  outlet  Cav- 
erns occur  where  underground  water  dissolves  passageways  through 
soluble  rock  like  limestone.     The  water  enters  the  ground  through 
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FiQ.  91.  —  A  small  ox-bow  carve  in  k  meadow  brook.  A  cnt-oS  has  been 
it«rt«d,  but  bnuh  waa  pnt  la  to  atop  it  fiom  ooDtinuing.  (L.  O.  Towae, 
HaTMhlU,  Haw.,  Photognpher.) 
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rink  holes,  passes  along  an  underground  covrse,  and  emerge*  as 
a  spring.  It  deposits  ttaiactiles,  stalagmites,  and  <xdumna  in  the 
caverns, 

.  41.  River  Floodplalns.  —  Streams  are  often  bordered  by 
level  plains,  built  of  sediment  which  they  have  brought. 
Even  a  mountain 
torrent,  that  is  de- 
grading its  bed, 
may  have  narrow- 
patches  of  such 
deposits  on  one  or 
both  sides.  Rivers 
that  are  aggrading 
their  courses  are 
always  bordered 
by    such     alluvial 

plains,  or  flood-  Fio.  96.  — Canadian  river,  OkJalionuk.  Through  Ibis 
plaint.      Thev  are  floodplain  the  river  sweeps  In  great  curves  b»- 

"       •    '    ,         ,•'        J  tween  bluffs  which  are  seen  In  the  Iorc^:roniid 

usually   bordered  and  in  the  far  distauce. 

by  bluffs  (Figs.  96, 

97, 102).  against  which  the  river  cuts  as  it  swings  over  the 
floodplain.  These,  being  higher  and  drier  than  the  floodplain, 
are  oft«n  selected  as  the  sites  for  towns  and  cities,  as  in  the 
case  of  Vicksburg  on  the  Mississippi. 

Broad  floodplains  are  due  to  the  fact  that  there  is  more 
sediment  than  can  be  carried  down  the  grade.  Therefore 
some  must  be  deposited.  When  such  rivers  rise  and  over- 
flow their  banks,  they  submerge  the  neighboring  lowland 
(Figs.  93,  99),  and,  with  each  flood,  deposit  a  layer  of  sedi- 
ment, as  mud  is  deposited  on  a  sidewalk  when  the  gutter 
overflows.  This  slowly  raises  the  level  of  the  floodplain ; 
and,  since  it  is  being  built  by  a  broad  sheet  of  water,  its 
surface  is  made  fairly  level. 

Many  broad  Soodplains,  like  that  of  the  Mississippi  (p.  327), 
are  very  fertile ;  and  frequent  overflow,  by  bringing  new  soil 
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helps  to  keep  them  so.  Their  levelnesa  and  dampness  further 
fit  them  for  agriculture.  In  muny  arid  regions  the  river 
water  ia  led  out  over  the  floodplains  for  the  purpose  of  irri- 
gation, and  in  some  arid  regions,  as  along  the  Nile,  the  over- 
Sows  themselves  take  the  place  of  rainfall. 

A  floodplain  Is  usually  highest  near  the  river,  because  this 
part  is  most  frequently  reached  by  fluods.     This  higher  portion 
is  known  as  the  itatural  levee.     On  it  are  farms,  towns,  and  cities  ; 
for  example.  New  Orleans ;  but  behind  it  is  a  low,  swampy  tract, 
too  wet  for  habitation.    At  New  Orleans,  the  natural  levee  is 
only  a  few  feet  above  the  river 
level  and  the  swamp.    To  pro- 
tect  the    towns    and    farms 
from  overHow,  men  build  still 
higher  embankments,  or  levees, 
which  serve  to  hold  back  many 
of  the  floods.   When,  however, 
a  great  flood  breaks  through 
the  levee,  vast  areas  are  inun- 
dated, property  is  destroyed, 
and    lives    lost     Along    the 
Mississippi,  such  a  break  is 
known  as  a  crei<a»8e. 

No  river  flows  in  a  perfectly 
straight    line.      On    the    con- 
trary, irregularities  in  the  bed, 
and  other  causes,  turn  the  cur- 
rent toward  one  side,  and  cause 
Pio.  97.— To  show  bj  trrowa  how.  In     the  stream  to  cut  first  at  one 
meaiidera.arivercurreiitcutaigftinst     bank,  then  at  the  Other  (Pigs, 
one  bank  and  depoBiwon  the  other.     -^   <n.n       mi.-       i  _i 
■lheblnlTsR««ho!TOonthfltwo.id«.     70,102).     This  Starts  a  curv- 
of  the  floodplain.  ing  or  swinging  of  the  river, 

known  as  a  meander  (Fig.  97), 
named  after  a  river  in  Asia  Minor  (Fig.  345)  whose  lower  course 
is  very  meandering.  Floodplains  are  peculiarly  favorable  to 
the  development  of  meanders  because  of  the  low,  level  land  and 
the  loose  sediment,  which  is  easily  moved  by  the  water.     WhilQ 
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Fia.  100, —  An  abandoned  oi-boiT curve  In       Fio.  101. —River   Ucrkou   b«iag 
tbeConnectlcutvnllsyDearNortbainp-  cat  by  «  degrading  ureun  ta 

t6n.  Massacbiinetts.  ttae  Andes  ol  Pern. 
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the  stream  cuts  on  one  bank  it  deposits  sediment  on  the  other 

(Figs.  97,  102),  and  thus  forms  a  broad,  sweeping  curve  known 

as  the  oa^bow  curve  (Fig.  98).    The  curves  vary  in  size  with  the 

volume  of  the  river  (Figs.  93, 98),  being  in  the  Mississippi  fully  five 

mUes  in  diameter. 

As  the  meandering 

continues   it   often 

happens    that    the 

stream  cuts  across 

the  neck  of  a  curve 

and     abandons     it 

(Figs.  94, 95).    The 

lake  thus  formed  is 

called    an     ox-bow 

cutoff   (Fig.    100). 

Flood  plains      have  _ 

many      such      aban-  by  floodplain,  and  cuttinR  at  the  b^BeotiU  bluffs 

doned  meanders  in  wheraver  (be  current  BwlDge  agaiast  them. 

all    stages    of    de- 
struction  by  filling.    On  the  Mississippi   floodplain  there   are 
places  where  the  river  course  has  been  shortened  fifteen  miles  by 
a  single  cutKiff. 

Sammarr.  —  Large  Jloodplains  are  level  tracts  of  fertile  aliuvial 
land  bordering  rivers.  They  are  built  during  foods  by  the  dejmait 
of  sediment,  and  are  usually  bordered  by  bluffs  cut  by  the  river. 
They  are  highest  near  the  river,  at  the  natural  levee,  on  which  artifi- 
cial levees  ait  buiU.  Over  the  floodplain  the  river  swings  in  meander 
amies,  aometimes  abandoning  them,  foi-ming  ox-bow  cut-offs. 

M.  River  Terraces. — The  swinging  of  a  river  causes  it  to  be 
first  on  one  side  of  its  valley,  then  on  the  other.  If  it  is  degrading, 
it  cuts  downward,  now  in  one  place,  now  in  another.  This  leaves 
terraces,  or  narrow,  flat^topped  strips,  each  faced  by  a  steep  slope 
00  the  side  toward  the  stream  (Figs.  101,  10.3). 

If  an  uplift  elevates  a  floodplain  so  that  the  river  cuts  down  into 
It,  a  aeries  of  very  perfect  terraces  is  carved  in  the  soft  floodplain 
'iepoeits.  During  the  removal  of  any  other  kind  of  soft  deposits, 
inch  as  glacial  and  lake  deposits,  rivers  also  carve  perfect  terracea 
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River  terraces  are  often  excellent  farm  land.    The  soil  is  good ; 
they  are  well  drained ;  the  surface  is  level ;  and,  in  aiid  cuiuitries, 


irrigation  ditches  are  easily  led  over  their  tops.     Some  of  the 
best  farm  land  in  the  Connecticut  valley  is  terrace  land. 

Smnmary.  —  River  terraces  are  Jlat-topped  atripa  of  land  Toith 
Steep  front,  bordering  rivers.  They  are  formed  during  the  removal 
of  materialt,  especially  soft  materials,  by  a  degrading  atreain. 

43.    Deltas.  —  On  entering  the  sea  or  a  lake,  a  river  finds 

its  current  suddenly  checked. 

Some  of  its  sediment  ia  re- 
moved by  waves  and  cur- 
rents, but  much  is  depoeited 
in  the  quiet  water  near  its 
mouth,  building  up  land. 
To  this  land  the  name  delta 
is  applied,  because  of  the 
resemblance  to  the  Greek 
letter  delta  (A),  as  seen  ic 
the  Nile  (Fig.  104). 

Deltas  have  the  triangular 
shape  because  a  single  chan- 
nel will  not  carry  all  the 
waterovertheir level  surface. 
For  this  reason  the  river 
divides  into  channels,  or  dit- 


Fta.  loa.  — TheMlBsiBBippiDeltft. 
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tributariet  (Figs.  104-106), 

which    spread    apart    and 

enter  the  sea  by  separate 

mouths.    The  delta  surface, 

though    very   level,   has    a 

gentle   grade   down   which 

the  river  water  can  flow. 
Deltas   are  absent  from 

many  coasts;  for  example, 

northeastern   America   and 

northwestern  Europe.    This 

is  because   there   has  been 

so  recent  sinking    of   the 

land  that  there  has  not  yet 

been  time  enough  to  build 

deltas.     It  is  where  the  sea 

bottom  is  remaining  at  one  level,  or  slowly  rising,  that  deltas 
are  most  common.  They  are 
more  easily  built  where  the 
water  is  shallow  than  where 
it  is  deep,  and  this  is  one 
reason  why  they  are  so  com- 
mon in  lakes  (Figs.  107, 297). 
Absence  of  tides  and  large 
waves  is  another  reason  for 
so  many  deltas  in  lakes. 

Rivers  meander  on  deltas, 
as  on  floodplains.  Indeed, 
deltas  are  so  like  floodplains 
that,  as  they  grow  outward, 
their   upper  parts   are  com- 

Fio.  106. -The  Orinoco  delta.  Notice  ^only  called  floodplains. 
Its  triaognUr  form  between  the  They  make  excellent  farm 
<.nterdirtribut.ri«u  land,  and  a  large  percentage 

of  the  human  race  is  now  living  on  deltas  and  floodplains. 


66  XHtV  PBYSICAL  QEOOBAPHY. 

The  densest  population  of  China  and  India  is  centered  on 
the  deltus  and  iloodplains  of  t)ie  great  rivers,  and  a  large 
part  of  Holland  is  on  the  delta  of  the  Rhino.  The  low 
ground,  and  the  danger  of  floods  from  sea  and  river,  make 
living  in  snch  situations  dangerous.  Millions  of  people  in 
India  and  China  have  been  drowned  during  floods;  but  the 
other  attractions  are  so  great  that  these  river-made  plains 
are  densely  settled. 

SnmitMry.  —  Delias  are  level  plaiiui,  buill  up  by  ike  deposit  of  sedi- 
ment at  river  mouths;  they  are  cmiunoidy  Iriangnlar  in  shajie  be- 
cause crossed  b;i  brancJihig  dislribularies.  Tliey  are  e8{>ecialiy  uell 
developed  in  lakes  and  other  places  aliere  the  icater  is  shaHoii;  the 
bottnm  not  sinking,  and  wnnes  and  currents  vol  strong.  Like  flood- 
plains,  they  form  excellent  farm  land,aiid  are  densely  settled. 

45.  Alluvial  Faos.  —  A  stream  flowing  from  a  steep  to  a 
more  gentle  slope  has  its  velocity  checked.  If  it  has  much 
sediment,  some  may  be  deposited  where  the  slope  changes 
(Fig.  109),  Such  a  deposit  is  called  a  cone  delta,  or  alluvial 
fan.  Some  are  small,  with  stecii  slopes  (Fig.  108)  ;  in  fact, 
they  may  be  seen  forming  at  the  hjise  of  clay  banks  after  a 
rain;  and  some  are  very  large  and  fairly  level,  covering 
areas  of  thousands  of  square  miles.  They  resemble  deltna 
in  their  triangular  outlines,  and  some  of  the  larger  ones  are 
difficult  to  distinguish  from  deltas  (Fig.  110). 

As  in  a  delta,  the  water  flows  over  an  alluvial  fan  in 
numerous  shifting  distributaries  (Figs,  108,  110,  111).  As 
soon  as  one  channel  becomes  too  high,  it  is  abandoned  and 
a  lower  portion  of  the  fan  is  built  up.  Thus  the  fan  is  built 
uj)  regularly,  because  all  parts  of  it  are  reached  by  the  water- 
Mountainous  arid  lands  are  especially  favorable  to  the  formation 
of  alluvial  fans,  because  there  are  many  stpep  slopes,  much  sedi- 
ment, and  usually  a  small  amoiuit  of  water.  At  times  there  are 
heavy  floods,  bringing  much  .seclinieut;  but  at  ether  periods  the 
water  disappears  by  evaporation  or  by  sinking  into  the  gravel. 


n,gN.«j,-v  Google 


Fio.  108.  —  Two  alluvial  fang  being  built  of  gravel  dropped  at  tbe  end  of 
Blnlces  In  tbe  ptacoKa  of  wasbing  gold  tram  tbe  gravels.  Notice  tlie  Doiner- 
oiu  bnincbes  of  tbe  stream  on  tbe  farther  fan.  Tbese  are  bo  rapidly  deposit- 
ing  and  building  up  the  tan  that  they  most  frequently  change  positiona. 


n  alluvial  fan  at  Cbamoatx  in  the  Alps,  built  at'the  monnt^B 
torrents  brtuging  maleriaU  trom  the  steep  mountain  Blopea. 
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Alhtvial  fans  sometimeB  grow  out  across  a  valley,  damming  the 
main  stream  and  forming  a  lake  (Fig.  113).  Tulare  Lake  in 
Califoroia  (Fig.  114),  for  example,  ia  cauaed  by  the  low  alluvial 
fan  of  King  Eiver,  which  descends  from  the  Sierra  Nevada  to  the 
plain  of  the  valley 
of  California. 

Large  allnrial 
fans  are  excellent 
farmiDg  land.  In 
arid  regions,  like 
western  United 
States,  they  are 
often  irrigated  be- 
cause (1)  the  soil  is 
good;  (2)  there  is  a 
STipply  of  water  at 
the  upper  part  of  the 
fan;  and  (3)  there  is 
a  good  grade  down 
which  to   lead   the 

water  The  large  ^.^  uo.-M«p  ot  u.e  im,„.,„«  3iiuvi«i  fa.,  -r  .,.« 
delta-like   alluvial  Honngho.    Mowiure  with  scale  of  miles  the  dis- 

fan  at  the  mouth  of  tance  Iratweea  the  old  aiid  pteiHtDt  mouth. 

'the   Hoangho   of 

China  (Fig.  110)  is  the  seat  of  a  dense  agricultural  population. 
The  frequent  shiftings  of  the  river  over  this  fan  have  caused  enor- 
mous loss  of  life  by  drowning,  and  by  the  famines  that  have  resulted 
from  the  destruction  of  crops.  Even  in  a  single  flood  over  a  mil- 
lion people  have  been  killed.  The  Hoangho  has  even  been  used 
as  a  weapon  of  war,  being  turned  out  of  its  course  to  prevent  an 
invading  army  from  approaching. 

Snmmaiy.  —  AHuHat  fans  are  delta-like  dfpoMts  made  where 
ftreama  descend  from  steep  to  gentle  slopes,  aa  at  the  base  ofmout^. 
tains.     Large  aUuvial  fans  are  important  agricultural  lands. 

4S,  The  Filling  of  Valleys.  —  Many  valleys  are  having 
their  bottoms  raised  by  the  wash  of  sediment  from  their 
sides  (Figa.  Ill,  113).     This  is  especially  true  in  arid  regions 
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where  there  is  much  sediment  and  too  little  rain  to  carry  it 

off  to  the  sea. 
The  valley  of  California,  400  miles  long  and  50  to  80  miles 

wide,  furnishes  a  good  illustration  (Fig.  114).  From  the 
Coast  Ranges  and 
the  Sierra  Nevada 
the  rain  wash  and 
the  streams  are 
dragging  sediment 
down  the  mountain 
slopes.  This  ac- 
tion builds  broad, 
flat,  alluvial  fans 
(Fig.  113)  near  the 
mountains,  and 
still  more  level  de- 

Fra.  111.  —  TbediatributarleaorBeTeml  alluvial  fans,  '+      f     tli  * 

filling  a  valley  among  the  mounUini  near  Mt.      P<*8"8    larcoer   OUl 

Ararat.  in  the  valley. 

A  similar  case  is  that  of  the  Fo  valley  in  northern  Italy.  It 
was  once  an  arm  of  the  sea  between  the  Alps  and  the  Appennines, 
but  it  has  been  tilled  by  wash  from  these  mountains,  and  is  still 
being  built  out  into  the  Adriatic.  The  many  mountain  streams 
are  forming  low  alluvia]  fans  of  coarse  gravel  near  the  mount^ns; 
but  near  the  Po  the  sediment  is  finer  and  the  river  is  bordered  by 
fertile  farm  land,  which  is  readily  irrigated  by  water  from  the 
mountain  streams  and  the  Fo.  It  is  necessary  to  build  dikes  along 
many  of  the  streams  to  prevent  their  overfiowmg  the  plain.  Thus 
eonlined  to  their  channels,  the  rivers  are  obliged  to  deposit  sedi* 
ment  in  their  beds.  In  consequence  of  this,  the  surface  of  the 
Fo  is  now  well  above  the  level  of  the  surrounding  country. 

Summary.  —  The  wash  of  rock  fragments  from  inclosing  mo«n- 
taint  sometimes  de^yJUla  valleys,  especially  in  arid  landi. 
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Fki.  112.  — Thebmncblng  course  of  the  Platte  RivGt  In  Nebraska,  wbich  has  so 
tnocb  sediment  tbat  it  1b  aggrading  lie  bed,  and  doing  It  bo  rapidly  that  it 
flows  Dot  lliticbannel,but  Id  a  braided  Beiieaol  branches.  (Part  of  Kearney, 
Neb.,  Topographic  Sheet,  U.  8.  Geological  BurrerO 


Fki.  113.— To  Illustrate  valley  fllllDg, 


ID.  111.  — Valley  of  Calitomia.  The  flat-bottomed  valley  Is  deepl;  filled 
vrlth  ledlment  washed  ia  from  tbe  bordering  laoimtaiDB.  Notice  Tulan 
Lake  fomaed  by  tbe  low  alluvial  tmi  of  King  Itiver.  (From  model  mEkde  hj 
N.  F.  Drake.) 
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Topical  Outukb,  Qdestions,  ahd  SuaoESTtOMS. 
Topical  Out LiSE. — 30.  Snppl^ofWater.^Underground  supply;  run 
off;  Tarifttion  in  run  off;  regulation  of  river  voluiue. 

81.  Bain  Scolptuiing.  —  Conditions  favoring ;  results;  Bad  Lands. 

82.  The  ScKk  Load  of  EiTcre. -- Dissolved  mineral;  rock  fr^mente; 
Tttriation  in  size ;  tools  of  erosion ;  great  load  carried. 

33.  BroaiTe  Work  of  KiTCTS.  —  Nature  of  work;  corrosion;  corration; 
lateral  cutting;  causes  for  variation  in  rate ;  influence  of  sedinient;  de- 
grading; abrading;  iiiBueuce  of  joint  planes ;  of  ice. 

34.  Waterfalla.  —  Relation  to  rock;  pot-hole  work;  water  power. 

&5.  Ymng  Stream  Valleira.  —  (q)  Initial  drainage  on  a  plain  :  lakes ; 
divides;  tributaries;  consequent  course,  (ft)  Early  stages  of  develop- 
ment; steep-sided  valley ;  waterfalls;  broadening  of  valley;  base  level ; 
removal  of  lakes;  narrowing  of  divides,  (c)  Meaning  of  youth  :  charac- 
teristics; illustration;  ageinyears;  comparison  with  plants. 

36.  The  Gradt  of  a  Stream.  —  Nature  of  grade;  degi'ading  streams; 
aggrading  streams. 

37>  HatiiFe  Valleys.  —  Broadening  of  valleys;  absence  of  lakes;  of 
waterfalls;  development  of  tributaries;  of  divides;  of  floodplains. 

38.  Old  Valleys — Peneplains;  reasons  for  general  absence. 

89.  Importance  of  Valley  Form.  —  Young  valleys ;  mature  valleys. 

40.  Springs  and  nndergronnd  Channels.  —  (a)  Springs:  causes;  situ- 
ation; mineral  springs.  (6)  CaveTiis :  cause;  underground  drainage; 
outlets;  stalactites;  stataginites ;  columns;  sinkholes;  natural  bridges. 

41.  BlvM  Floodplains. — Where  found;  theblufis;  cause  of  floodplains ; 
fltness  for  ^riculture;  natural  levees;  levees;  meanders;  ox-bow  cut-offs. 

43.   Klver  Terraces.  —  Cause;  form;  frequency  in  soft  deposits;  value. 

43.  Deltu.  —  Cause;  name;  origin  of  form;  distributaries;  surface 
■lope;  favoring  and  opposing  conditions;  settlement;  dangers. 

44.  Allnvial  Pans.  —  Cause ;  size ;  form ;  building  of  the  fan ;  location ; 
formation  of  lakes;  agriculture;  shifting  of  stream. 

45.  The  Filling  of  Valleys.  —  Favoring  conditions;  valley  of  Califor- 
nia; valley  of  the  Po, — filling,  farm  land,  effect  of  dikes. 

QoRSTioNS.  —  30.  In  what  ways  are  rivers  supplied  with  water? 
What  causes  variation  in  runoff?    What  serve  to  regulate  the  volume? 

31.   What  are  Bad  Lands  ?     Where  are  theymost  common?     Why? 

33.  In  what  two  forms  is  river  load  carried  ?  How  is  each  supplied  1 
What  is  the  effect  of  differences  in  current?  What  effect  have  the  rock 
fragments  on  erosion?     Give  an  illustration  of  I'iver  load. 

33.  By  what  two  means  are  rivers  wearing  at  their  channels?  What 
effect  have  they  on  their  banks?  State  the  several  causes  which  influ- 
ence tlie  rate  of  river  eroaion.    Define  degrading  and  aggrading  rivers. 
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34.  What  is  the  most  common  cause  for  waterfalls?  Give  an  illustra 
tioii.    What  causes  pot  holes?    Of  whatuBeare  falls  and  rapidaV 

36.  What  are  the  characteristics  of  sew  drainage  on  a  plain  ?  What 
changes  occur  in  rallej  form,  lakes,  tributaries,  and  divides?  What  is 
a  cousequent  course?  Base  level?  State  the  charact«TistdcB  o£  young 
valleys.     What  does  the  term  youA  mean? 

36.  What  is  grade,  and  what  causes  it  to  varj  7 

37.  What  changes  in  valley  form  occur  after  a  stream  bos  reached 
grade?  What  about  lakes  and  falls?  What  changes  occur  in  tribu- 
taries?   What  uiflueace  does  this  have  on  sediment? 

8S.  What  is  a  peneplain  ?    Why  are  they  so  uncommon  ? 

39.  ^Vhat  influence  have  youog  valleys  on  man?    Mature  vallejrs? 

40.  State  the  causes  for  springs.  What  causes  caverns?  What 
deposits  are  made  in  thera?    What  are  sink  holes?    Natural  bridges? 

41.  What  causes  BoodplMus?  Why  are  they  level?  Of  what  im- 
portance are  floodplains?  What  is  the  natural  levee?  What  causes 
meanders?    Ox-bow  cut-offs? 

42.  What  is  the  cause  of  terraces?    Of  what  value  are  they? 

43.  What  is  the  cause  of  deltas?  Why  so  named?  What  gives  the 
delta  form?  What  conditions  favor  and  what  oppose  their  formation? 
What  about  the  population  of  deltas  and  floodplains? 

44.  What  are  the  characteristics  and  causes  of  alluvial  fans?  Where 
do  they  occur?    Of  what  importance  are  they? 

45.  In  what  manner  is  the  valley  of  California  being  filled?  The  Po 
valley?     Of  what  importance  is  this  valley  filling? 

SuoOEBTiONS.  —  (1)  What  is  the  source  of  the  water  of  your  nearest 
stream?  Does  it  vary?  Why?  It  there  were  no  underground  supply 
would  it  in  any  way  affect  you?  (3)  Where  does  the  water  run  off 
most  rapidly,  on  a  road,  a  grass-covered  lawn,  or  in  the  woods? 
Answer  from  your  own  observations.  Why  does  it  run  oft  faster  in 
one  place  than  in  another  ?  Prom  which  place  is  most  sediment  washed 
to  the  streams?  (3)  Make  a  little  channel  in  the  ground  and  pour  water 
into  it,  varying  the  amount  from  a  small  flow  to  a  flood.  Now  make  a 
small  pond,  say,  five  feet  long,  with  tlie  little  channel  for  its  outlet.  Pour 
the  same  amount  of  water  into  the  pond  that  you  did  into  the  channel. 
Does  the  outflow  channel  show  the  same  variation  in  volume?  (4)  Weigh 
a  stone  in  the  air  with  a  spring  balance.  Weigh  the  same  atone  sub- 
merged in  water  on  the  end  of  a  stiing.  What  does  the  i-esult  show? 
(5)  Make  a  little  trough  of  rough  wood  and  let  water  run  through  it  from 
a  faucet.  On  the  bottom  of  the  trough  place  small  pebbles,  sand,  and 
clay.  Vary  the  velocity  of  the  water  to  see  what  happens.  Record  your 
lesults.    (6)  Has  the  stream  nearest  you  a  rapid  or  slow  flow  ?    What 
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ia  the  size  of  the  rock  fragmeDts  that  it  carries  at  ordinary  times?  At 
times  of  flood?  Why  the  difference?  Is  the  material  at  the  bottou 
coarser  than  that  suspended  iii  the  current  ?  Where  do  the  rock  frag- 
ments  come  from?  (7)  Are  the  streams  near  yoar  home  aggrading  or 
degrading?  It  degrftding,  ire  they  aggrading  in  some  parts?  Why? 
What  diSeiences  in  work  do  you  see  from  time  to  time?  Does  rock 
structure  influence  the  nork  ?  Ubseire  the  Htream  in  winter  and  spriog 
to  see  if  ice  helps.  Do  you  know  of  any  places  where  they  are  cutting 
against  the  banks?  (8).  Are  there  any  falls  or  rapids?  What  causes  them? 
Are  there  any  poi  holes?  Find  what  is  ia  the  bottom.  What  does  this 
show?  (0)  Look  for  evidences  of  rain  sculpturing  on  roods,  in  plowed 
fields,  or  under  gutters.  Place  some  flat  pebbles  on  some  clay  and  wash 
it  away  with  a  q>rinkling  pot.  Are  any  columns  farmed?  (10)  Has  the 
stream  nearest  you  reached  grade  ?  Is  the  valley  yoaug  or  mature  ?  Study 
and  describe  the  valley,  —  its  form,  tributaries,  divides,  aud  falls  and  lakes 
(if  present).  Wliat  influence  has  the  valley  on  roads,  railways,  and  in- 
dnstries?  (11)  Has  your  river  a  floodplnin?  Is  the  plain  ever  flooded? 
If  so,  go  after  ttie  next  flood  to  see  if  depoaitaof  sediment  have  been  made. 
Does  the  liver  meander?  Have  there  been  any  chaciges  in  the  meanders  ? 
(12)  Terraces  are  common  in  sections  where  streams  are  cutting  away  gla- 
cial deposits.  Are  there  any  near  your  home  ?  If  so,  study  and  describe 
them.  (1-1)  If  there  ia  a  pond  or  lake  near  h}-,  see  if  there  are  not  del- 
tas opposite  the  mouths  of  both  the  large  and  small  streams.  If  so, 
report  on  what  you  observe  concerning  their  form  and  the  material  of 
which  they  are  made.  (14)  Are  there  any  alluvial  fans?  Look  for 
them  in  mnd  puddles  at  the  base  of  a  clay,  cliff,  for  example  in  a  railway 
cut.  You  cat!  make  one  by  building  a  pile  of  clay  with,  Bt«ep  slope  and 
washing  the  clay  down  to  the  base  with  a  sprinkling  pot. 

Reference  Books. —  Kusskll,  Riven  of  North  yl  m^nca,  Putnam's 
Sons,  New  York,  1898,  12.00;  Tarr,  Phytical  Geography  of  Neto  york 
Stale,  Chapter  V,  Macmillan  Co.,  New  York,  1902,  *:J.50;  Hovey,  Celt- 
bralid  American  Cavemt,  Robert  Clarke  Co.,  Cincinnati,  l«fl6,  *2.00; 
SnALKR,  Anpeelf  of  the  Earth,  Chapters  III  and  IV,  Scribner's  Sons,  New 
York,  1!>00,  |2.50;  Huxley,  Phynography,  Macmillan  Co.,  New  York, 
1891,  91.80.    See  also  Chapter  XVI  of  this  book. 
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CHAPTER  V. 

PLAIirS,  PLATEAUS,  AND  DESEHTS. 


46.  Condaeotal  Shelf  Plains.  —  Off  the  coast  of  eastern 
North  America  there  is  a  sea-bottom  plain  slopiug  out  into 
deep  water  (Fig.  116).  It  attains  a  width  of  50  or  100  miles, 
and  ita  outer  edge  is  covered  by  about  600  feet  of  water.  The 
surface  is  a  level  expanse  of  sand  near  the  coast,  and  of  mud 
farther  out.  The  plain  is  made  of  layer  upon  layer  of  sedi- 
ment washed  from  the  land,  and  the  waves  and  currents  are 
constantly  adding  to  it.  Other  continents  are  bordered  by 
similar  sea-bottom  plains,  or  continental  shelves  (Fig,  316). 

Should  this  sea  bottom  be  raised  600  feet,  a  broad  strip  of 
plain  would  be  added  to  the  American  continent.  It  would 
slope  at  the  rate  of  a  few  feet  a  mile,  and  the  rain  that  fell 
upon  it  would  find  such  difficulty  in  passing  off  that  much  of 
the  surface  would  be  swampy. 

Snmnury.  —  Continents  are  bordered  by  sea-bottom  plains,  or 
continental  shdves,  made  of  sediment  from  the  land. 

47.  Coastal  Plains.  —  Uplifts  have  actually  added  such 
plains  to  the  land  (Figs.  122,  123).  Some  are  narrow  strips 
at  the  base  of  mountains,  as  in  western  South  America  (Fig. 
117),  where  the  land  is  still  rising;  others  are  many  mileu 
wide,  like  the  plain  that  skirts  the  coast  south  of  New  York. 
Because  they  border  the  coast  they  are  called  coastal  plain*. 

The  coastal  plain  of  the  Atlantic  and  Gulf  coasts  extends 
from  New  Jersey  to  the  Rio  Grande,  and  includes  the  penin- 
sula of  Florida.  Wells  bored  into  it  pass  through  hundreds 
of  feet  of  gravel,  sand,  and  clay,  oftei). finding .wati^t  in  the 
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Fta.  llT.—IfsTTowcoMlalpl^Qot  western  Sontit  America,  a  tew  mf lea  iride. 


Fio.  118.  —  IHiiRram  to  Illustrate  the  cause  tor  artesian  wells  o 

Water  passes  down  the  porous  ls;er  F,  and  Is  prevniited  from  rising  or  g< 
deeper  by  the  Impervious  layers  7,  I.     When  a  well  Is  bored  down  to 

poioDS  layer  the  water  rlges  to  the  surface  because  it  has  entered  hlgber  t 
the  outlet  of  the  well,  and  Is  under  pressure  of  the  water  in  the  porous  la 
which,  therefore,  forces  it  out.  Such  a  well  may  even  he  boced  OD  ■  uad 
Id  the  sea,  finding  water  beneath  the  Impervlotis  layer. 
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Via.  US.  —The  Florida  plain  along  the  St.  John  Ktver. 


Fia.  130. —  A  TievotlhepalmetCoesoD  the  Florida  plain. 


■■«  lie 


II  e|i 


N.«j,vGooglc 


PLAINS^  PLATEAUS,  AND  DESERTS.  73 

porous,  aandy  layers.  Where  the  water  rises  to  the  surface,  it 
ia  called  an  artesian 
weU  (Fig.  118). 
There  are  hun- 
dreds of  such  wells 
along  the  Atlantic 
coast  (Fig.  115), 
and  many  cities, 
such  as  Galveston, 
obtain  drinking 
water  from  them. 
Artesian  water  is 
pure  and  free  from 
the  germs  that 
abound  in  surface 
drainage. 

Much  of  the 
coastal  plain  is  so 
sandy  that  it  is 
poorly  adapted  to 
agriculture,  and  is 
Btill  occupied  by 
an  open  pine  forest 
in  which  cattle 
roam,  feeding  on 
the  scattered  grass. 
The  forest  supplies 
valuable  lumber, 
turpentine,  tar,and 
other       products. 

The      higher      and    no.  123.  —  Same  »  Fig.  122,  elevated  to  fonn  a  coastal 
Inaa      nnnrlv     trfti-tfl  plain.    Bivera  Irom  the  old  land  are  extended  out 

less    sanay    tracts  ^^^  ^^^  ^^^,  pi^i^    ^^^  1^  ^^^  condition  oi 
are     favorable      to  the  coastal  plain  southward  from  New  York, 
agriculture,      pro- 
ducing fruit,  grain,  etc.,  in  Maryland,  Delaware,  and  ojher 
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states,  and  cotton,  corn,  and  other  products  in  the  South. 
Along  the  coast  and  near  the  rivers  the  land  is  swampy, 
being  useful  in  the  South  for  rice  culture, 

/  A  slight  sinking  of  this  coastal 
plain  has  admitted  the  sea  into 
the  valleys,  transforming  their 
mouths  to  shallow  bays  (Figs. 
121,  124),  the  seata  of  oyster  and 
fishing  industries.  Some  of  the 
deeper  bays  have  good  harbors, 
thougli  a  fringe  of  sand  bars 
partly  cuts  off  the  entrance  to 
many.  The  shallower  bays  and 
tide -water  rivers  are  navigable 
by  small  craft,  thus  opening  up 
large  areas  of  country  to  water 
transportation.  This  has  helped 
greatly  in  carrying  cotton  and 
other  products  to  the  seaports  for 
shipment.  Chesapeake  Bay,  with 
its  many  branches,  is  the  largest 
of  the  coastal  plain  bays. 

For  the  most  part  the  rivers  of 
the  coastal  plain  are  sluggish,  and, 
in  some  places,  the  slope  of  the 
plain  is  so  gentle  that  water  does 
not  mn  off.  This  causes  swamps,  a,s  in  parts  of  Florida  (Figs. 
78,  79,  119)  and  the  Dismal  Swamp  {Fig.  3117).  In  Texas, 
south  of  Houston,  the  divides  are  so  flat  and  swampy  that  there 
is  no  agriculture,  and  not  even  cattle  can  find  support.  The  sur- 
face of  the  Florida  plain  is  so  young,  and  the  streams  have  so 
little  sediment,  that  the  shallow  lakes  in  depressions  of  the  old 
sea  bottom  have  not  yet  been  filled.  "VVhei'e  the  streams  have 
cut  into  this  coastal  plain  they  occupy  shallow,  steep-sided  val- 
leys, with  broad,  flat-topped  divides  (Fig.  121),  along  whose  level 
surface  the  roads  run. 

'- .Coo>;Ic 


Fig.  124.  — The  brancbing  Chefia- 
peake.  Tbe  lines  bIiuw  Ihe 
probalile  position  oC  the  riv- 
ers Iliat  rormed  this  branch- 
ing, subinerged  valley. 
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Where  streams  pass  from  the  older  land  to  tlie  coastal 
plain  (Fig.  123),  their  slopes  iucrease  and  their  courses  are 
interrupted  by  rapids  and  falls.     The  explanation  of  this  fact 
is  that  the  rivers  have  cut  faster  in  the  soft  clays  and  sands  of 
the  plain  than  in  the  harder  rocks  of  the  old  land.     For  this 
reason  the  boundary  between  the  old  land  and  the  plain  is 
called  the  Fall  Line  (Fig.  125).    It  has  had  a  very  important 
influence  on  settlement.     Even  in 
the  days   of   the   Indians,  village 
bites   on   the   rivers  were  located 
along     this     line,  —  the     highest 
points  to  which  canoes   could  go 
from  the  seawaid  side,  and  where 
portages    were  necessary  to   pass 
higher  upstream.   White  men  have 
located  cities  on  these  same  spots, 
the  farthest  points  to  which  boats 
from     the    sea   can    pass   inland. 
Along  the  Fall  Line  are   located 
Trenton,  Philadelphia,  Baltimore,     „     ,„     „.„„,, 
Washington,  Richmond,   Raleigh,  plain  dotted;  cities  printed 

Columbia,  and  Augusta.  '"  ^"^'^  'Ji*  "'«  located 

"  along  the  Fall  Una. 

Sonuiury.  —  Upraised  sea  bottoms 
Jbrm  coastal  jAaina  ifkirting  the  coasts  of  continents.  There  is  a 
well-defined  one  from  New  Jersey  to  Mexico,  muck  of  whose  lerel  sur- 
face is  too  sattd>/  or  swampij  for  agriculture,  while  in  Florida  there 
are  many  lakes  still  occupying  the  original  depressions.  A  sligJit 
sinking  has  admitted  the  sea  into  the  river  mouths,  transforming 
them  to  shallow  bays.  Where  streams  descend  from  the  old  land  to 
the  plain  there  ia  a  liite  of  rapids  and  Jails,  called  the  lAdl  Line. 

48.  The  Russian  and  Siberian  Plains-  —  This,  the  greatest 
expanse  of  plains  on  any  continent  (Fig.  21),  covers  an  area 
far  greater  than  the  entire  United  States.  These  plains 
extend  from  the  Caspian  region  to  the  Arctic,  including  a 
large  part  of  northern  Asia  and  much  of  Russia,  wiUi  a 
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western  branch  readiing  to  Holland.  They  are  made  of 
layers  of  sand,  gravel,  and  clay,  washed  from  the  mountains 
of  Asia  and  Europe  into  a  sea  wliich  has  been  destroyed  by 
uplift.  The  uplift  of  this  sea-bottom  plain  has  been  so  re- 
cent that  the  streams  are  young:  there  are  many  swamps; 
shallow  lakes  are  yet  unfilled;  and  the  divides  are  flat-topped. 

In  the  I^ortb  there  is  barren  tundra,  inhaluted  by  scattered 
tribes  {Fig.  126)  who  use  the  reindeer  as  a  domestic  animal  (Fig. 
546).  The  soil,  frozen  to  great  depth,  thaws  in  summer  only  at  the 
surface,  making  the  land  a  vast  swamp ;  in  winter  the  tundra  is  a 
bleak,  frozen,  snow.Govered  desert.  Toward  the  south  it  grades 
into  the  forest  region  which  is  now  being  cleared  and  opened  to 
agriculture  as  aresult  of  the  building  of  the  Siberian  railway.  This 
forest  section  is  destined  to  become  one  of  the  great  farming 
regions  of  the  world.  On  its  southern  side  the  forest  (felt  grades 
luto  the  open,  giass-covered  tteppea  (p.  285),  a  region  too  arid  for 
farming,  and,  therefore,  occupied  by  a  nomadic,  pastoral  people. 

Summary.  —  VaM  plains,  caused  by  recent  uplift  of  an  ancient  tea 
bottom,  occupy  a  large  part  of  northern  Asia  and  Europe.  TTiere  ia 
barren,  Jrozen  tundra  in  the  north,  barren,  arid  ttej^  land  in  tht 
touth,  and  foreM  and  farm  land  betu-een. 

49.  Plains  and  Prairies  of  Central  United  States.  —  In 
ancient  geological  times  a  sea  bottom  between  the  moun- 
tains of  eastern  and  western  North  America  was  also  raised 
above  sea  level.  From  time  to  time  it  has  been  reelevated, 
and  numerous  additions  have  been  made  to  its  southern  mar- 
gin. Denudation  has  also  been  at  work,  lowering  and  sculp- 
turing its  surface,  so  that  in  places  it  is  hilly.  It  forms  one 
of  the  largest  areas  of  plains  in  the  world  (Fig.  21). 

Near  the  Appalachian  Mountains  the  plains  reach  an  ele- 
vation of  2000  to  3000  feet;  near  the  Rocky  Mountains  they 
rise  from  5000  to  6000  feet  above  sea  level.  From  these 
higher  portions,  really  plateans,  the  surface  slopes  toward  the 
Mississippi,  making  a  broad  valley  which  that  river  follows, 
receiving  long  tributaries  down  the  slopes  from  either  side. 
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—  Cattle  on  the  Great  FUias. 


Fia.  129.  — The  great  plains  to  MonUuift,  nett  tbe  ban  ot  ths  Cmy  MouDlalu*- 
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The  plains  west  of  the  MisBissippi  are  called  the  &re<U 
Plaint  (Figs.  127-129).  In  the  eastern  part  they  have  rain- 
fall enough  for  agriculture ;  but.  west  of  the  100th  meridian 
they  are  suited  only  to  grazing,  though  here  and  there  rivers 
and  artesian  wells  supply  water  for  irrigation.  Where  the 
rainfall  is  light  there  is  timber  only  along  the  streams.  In 
early  days,  when  Indiana  occupied  them,  crossing  these  vast 
plains  was  a  difficult  and  dangerous  undertaking. 

Eaat  of  the  Mississippi  are  large  areas  of  plain,  called 
prairiett  which,  when  discovered,  were  also  free  from  forest. 
In  some  cases  the  treeless  condition  was  due  to  fires,  set  by 
Indians  in  their  buffalo  hunts.  In  others  the  fine-grained 
soil  seems  to  have  been  unfavorable  to  tree  growth,  hut  favor- 
able to  a  luxuriant  growth  of  prairie  grass.  These  fertile, 
treeless  prairies  helped  greatly  in  the  settlement  of  the 
Middle  West,  A  crop  could  he  raised  the  first  year,  for 
there  was  uo  laborious  work  of  clearing  land  for  farming; 
Bod,  when  this  was  foimd  out,  settlers  came  rapidly  and 
prospered. 

Plains  are  not  usually  great  mineral-producing  re^ons,  but 
are  especially  suited  to  agriculture  when  the  climate  is  moist, 
and  to  grazing  when  arid.  Yet,  in  the  plains  of  central 
United  States,  beds  of  sandstone  and  limestone  furnish 
abundant  building  stone  ;  layers  of  salt  are  found  i  deposits 
of  iron,  lead,  and  zinc  occur ;  and  there  are  vast  quantities 
of  natural  gas,  petroleum,  and  coal.  Where  coal  is  present, 
busy  manufacturing  cities  spring  up,  especially  if  agriculture 
flonrishea,  supplying  materials  for  manufacture  and  a  market 
for  manufactured  products.  These  conditions  all  exist  on 
the  plains  of  central  United  States. 

Each  of  the  continents  has  plains  similar  to  those  already 
described.  The  great  plains  of  the  Amazon,  of  Argentina, 
and  of  Venezuela  are  instances.  A  very  large  part  of  the 
land  surface  consists  of  pluns  (Fig.  21}  that  at  one  period 
01  another  have  been  raiwd  from  the  sea- 
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Summary.  — The  ancient  and  much  worn  plains  of  central  United 
States  iilo]>e  from  Che  moujilains  on  each  side,  forming  Uie  great 
Mississippi  valley.  In  the  Went  the  Great  Plains  are  treeless,  because 
arid;  in  the  East,  iliotigh  the  ciimale  is  moisl,  large  areas,  caSed 
prairies,  were  treeless  because  of  tite  effect  of  Jtres  and  tlte  compact 
soil.  These  plains,  adapted  to  agriculture  where  humid,  and  grazing 
where  arid,  also  contain  mineral  wealth,  and,  in  the  Jiumid  portion, 
have  become  a  prosperous  and  6u(iy  manufacturing  region. 

50.  Lake  Plains.  —  Sediment  deposited  in  a  lake  levels  its 
bottom.  If  the  Caspian  Sea  or  Lake  Erie  could  be  drained,  tbeir 
sites  would  become 
broad  plains.  There 
are  places  from 
which  lakes  havedis- 
appeared.  Extinct 
lakes  of  this  sort 
wire  formed  by  a 
great  ice  dam  across 
north-flowing 
streams  when  the 
glacier  was  melting 
from  North  America 
(p.  149). 
Fii.  i:«. -E^wnt  or  the  extinct  gl»oial  I*kc  Ab«8-  j^^  enormous  lake 

BIZ,  ivhich  occupied  the  valley  of  the  Red  River  ,,■,.-,      ,     .   > 

ot  the  North.  Or  this  kind,  glacial 

Lake  Agassiz  (Fig. 
130),  larger  than  all  the  Great  Lakes  combined,  existed  in  the  val- 
ley of  the  Red  River  of  the  North.  The  fine-grained  sediment 
that  was  deposited  on  the  bottom  of  this  extinct  lake  has  made  a 
fertile  plain  (Figs.  1.11,  ]  32),  one  of  the  most  famous  wheat  regions 
of  the  world.  Its  surface  is  so  smooth  that,  after  a  rain,  water 
stands  on  the  ground  in  Bbeet<). 

A  large  lake  also  once  existed  in  the  Great  Basin,  round  Great 
Salt  Lake.  When  the  climate  became  arid  this  lake  was  dimin- 
ished by  evaporation,  leaving  only  small  remnants,  of  which 
Great  Salt  Lake  is  tlie  largest.  These  remnants  occupy  shallow 
depressions  in  the  level  lake-bottom  plain  (Figs.  133, 150,  301). 


'»■■■■''  ,     Cool,- 

^  131. xjie  lake-bottom  plain  ot  tbe  valley  ol  tbe  Bed  Blrer  of  tbe  Korth. 

Notice  bow  Tei7  level  it  U  (see  also  Fig.  132] .    (rsrgo  Sheet,  D.  S.  Oeological 


Fia.  133. — Salt  Lake  Cit;,  c 
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There  are  a  number  of  other  classes  of  plains.  Some  of  these 
are  described  in  the  chapters  on  Glaciers  (p.  149)  and  Lakes 
(p.  165).  Others,forraedby.riTer3,  have  already  been  described, — 
floodpiains  (p.  61),  delta  plains  (p.  64),  alluvial  fan  plains  (p.  66), 
and  filled  valley  plains  (p.  67). 

Summary.  —  On  lake  boltoms  »ed\meiit  makea  plains  which  may 
becoiae  dry  land  by  the  dinappearance  of  the  lakes,  as  in  the  valley 
of  the  Red  River  of  the  North,  and  the  Great  Basin. 

51.  LlfcHlstory  of  a  Plain.  —  A  young  plain  (p.  54)  has  a 
level  surface,  poorly  defined  and  perhaps  owampy  divides,  and 


shallow  lakes.  The  consequent  streams  at  first  cut  steep- 
sided  valleys,  with  falls  where  differences  in  rock  hardness 
are  found. 

In  time  the  lakes  are  filled,  grade  is  establislied,  falls 
disappear,  tributiiries  increase  in  number,  divides  narrow  up, 
and  tlie  valleys  broaden  (p.  57).  Such  a  mature  plain  has  an 
undidating  surface,  and,  if  high,  it  may  be  so  dissected  as  to 
become  a  hilly  land  (Fig.  134),  In  an  old  plain  the  valleys 
are  so  broadened  tliat  the  surface  again  becomes  nearly  level. 

The  rock  layers.of  a  plain  usually  lie  in  sheets,  gently  inclined  in 
the  direction  given  them  by  uplift  of  the  land  (Fig.  118).  As  the 
Bur&ce  of  the  plain  is  slowly  worn  down,  durable  layers,  since 
they  re.sist  denudation  better  than  weak  ones,  are  left  as  uplands, 
possibly  only  a  few  feet,  perhaps  scores  of  feet,  above  the  lower 
portions  of  the  plain.  Being  in  sheets,  the  durable  layers  form 
Mts  of  hilly  land  bounded  on  either  side  by  belts  of  lower  land, 
where  the  weaker  strata  lie  {Fig.  1.^5).  The  plain  is,  therefore, 
sculptured  into  bands,  or  belts  of  different  level,  corresponding 
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to  the  differences  in  the  strata.  Such  a  land  surface,  found  both 
on  recent  coastal  plaioii,  as  in  eastern  United  States,  and  on  older 
plains,  as  in  central 
United  States,  is 
known  as  a  bdted 
plain. 

Sumintr;.  —  ^ 
young  plain  haa  a  level 
surface  and  a  young 
drainage  system ;  a 
ttuUnre  plain  has  broad 
valleys  and  a  hilly 
surface ;  an  old  plain 
has  a  level  surface 
again.  A  bdted  struc- 
ture oflen  results  from 
the  less  rapid  removal 
of  the  more  resistant 
strata. 


Fio.  I3S.  — A  belted  coHaMI  plain.  The  diffeient 
ayrabols  (dots  and  lines)  tepreMut  different  1a7- 
en  of  cock,  gently  iDL-llaed  towaid  as. 
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$2.  Nature  of  Plateaus.  —  Whei.  mountains  are  uplifted 
the  country  on  eit  ler  side  is  also  raised,  often  without  much 
folding  of  the  s'  ata.  As  the  mountains  vise  hij^her  the 
adjoining  plains  lecome  more  elevated,  especially  near  the 
mountsios  and  h>  tween  the  ranges.  They  may  rise  so  higli 
that  they  deserve  the  name  plateaus,  for  a  plateau  is  only  ai. 
elevated  plain.  The  plateau  along  the  western  base  of  the 
Appalachians  (Fig.  146)  is  2000  to  3000  feet  above  aea  level ; 
at  the  eastern  ba^  of  the  Rocky  Mts.  (Fig.  129),  from  5OO0 
to  6000  feet ;  between  the  Rockies  and  the  Sierra  Nevada, 
often  7000  to  8000  feet ;  north  of  the  Himalayas  (Fig.  136), 
over  10,000  feet. 

Owing  to  the  close  relation  between  plateaus  and  mouii' 
tains  (Fig.  136),  the  strata  of  plateaus,  though  mostly  hori- 
zontal, are  soraetinies  broken  and  tilted;  in  fact,  there  la  ever^ 


1" 

il 


N.«j,vGooglc 


PLAINS^  PLATEAUS,  AND  DESERTS.  81 

gradation  from  slightly  tilted  plateau  blocks  (Fig.  156)  to 
true  roouDtains.  Lava  has  often  welled  from  the  fissures, 
fioodiDg  large  areas  of  country,  as  in  the  Columbia  and  Snake 
River  valleys  (Fig.  476). 

Sttmmuy.  —  Plateaus  are  elevated  plains,  raised  during  mountain 
vplijt,  vnth  strata  usually  horizotUal,  though  sometimes  tilted. 

53.  Sculpturing  of  Plateaus.  —  Rivers  upon  plateaus  have 
much  the  same  history  as  upon  plains  (p.  54)  ;  and  the  life 
history  of  a  plateau  is  much  the  same  as  that  of  a  plain 
(p.  79).  But,  being  higher  above  base  level,  the  streams 
have  more  work  to  perform,  and  this  takes  a  longer  time. 
Young  streams  sculpture  plateaus  into  extremely  rugged 
form,  with  flat-topped  divides,  and  deep,  steep-sided  valleys, 
with  falls  and  rapids.  The  valleys  grow  broader,  the  sur- 
face lower,  and  finally,  in  old  age,  the  land  is  level  again. 

The  sculpturing  of  plateaus  is  frequently  retai-ded  by  the 
fact  that  the  climate  is  arid  and  denudation  therefore  slow 
(p.  41).  For  this  reason  many  arid  land  plateaus  are  still  in 
the  rugged  stage  of  youth,  even  though  in  years  they  may  be 
far  older  than  maturely  dissected  plateaus  of  humid  regions. 
For  the  same  reason  arid  plateaus  have  an  angular  topogra- 
phy (Figs.  140,  148),  while  in  moist  climates  denudation 
more  commonly  rounds  the  edges  of  the  strata. 

Samnury.  —  Plateaus,  like  plains,  pass  through  stages  of  youth, 
maturity,  and  old  age.  But,  since  they  are  higher,  the  time  required 
to  lower  them  is  longer,  and  the  land  forms  produced  are  more  rugged. 
The  arid  flimate  of  many  plateaus  retards  denudcUion  and  therefore 
prolongs  youth. 

64-  Canyons.  — A  canyon  is  the  deep,  steep-sided  valley  of 
a  young  plateau  stream  (Figs.  137, 138).  Canyons  are  found 
on  most  plateaus,  being  a  characteristic  result  of  the  early 
stages  of  river  erosion  in  high  plateaus.  By  far  the  best  in- 
stance is  the  Grand  Canyon  of  the  Colorado.  (Frontispiece; 
see  also  p.  S22.) 
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For  about  200  miles  the  Colorado  River  flows  in  a  canyon, 
in  one  place  6000  feet  in  depth  —  the  deepest  canyon  in  the 
world.  Some  of  the  grandest  scenes  in  nature  are  the  views 
looking  down  into  this  river-made  valley  from  tlio  canyon 
edge,  or  looking  upward 
from  ita  bottom.  The  inter- 
nal structure  of  the  earth's 
crust  is  here  revealed  — 
thousands  of  feet  of  strata, 
layer  on  layer,  appearing 
one  beneath  the  other.  One 
cannot  look  into  this  enor- 
mous cut  in  the  earth  witli- 
out  realizing  the  vast  work 
which  a  river  can  do  when 
time  enough  is  allowed. 
Yet  it  is  the  work  of  a 
young  stream  still  cutting 
down  toward  grade. 

Summary.  —  Deep,     steep- 

sided  valleys  of  young  plateau 

stream  s  are  called  canyons.    The 

greatest   of  these   is  the    Can- 

Fio.  139.— Tha  Colorado  Canyon  from     yon  of  the  Colorado,  over  200 

iha  buitom.    A  view  showing  tbe     ^,7^^  i^ng  and,  in  one  place, 

wreck  o(  one  of  PowoH'fl  boats  In  his     nnj>n   f   ,  j 

»entiireaometripthroughthecanjon.     """"  /*"  "*^* 

55.  Hesas  and  Buttes.  —  In  plateaus  there  are  many  flat, 
table-like  surfaces  (Fig.  140)  faced  by  steep  slopes,  often  cliffs. 
These  are  mesag,  a  Spanish  word  meaning  table.  An  examina- 
tion of  such  a  mesa  shows  that  the  rock  on  the  top  is  hard, 
often  lava.  These  table-top  surfaces  are  due  to  the  fact  that 
the  more  durable  rock  layers  have  reaisted  denudation ;  and, 
since  they  are  nearly  horizontal,  have  held  the  surface  up  to 
a  general  level,  parallel  to  the  stratification. 


Fio.  140.  —  Mean  Verd«,  Colorado.  The  horizontal  hud  stntnm  that  pntecta 
thptie  mexaa  from  b«lDj;  worn  away  haa  a  steep  slope,  while  the  setter  Btrata 
beneath  have  a  more  gentle  slope. 


rro.  141.  — Crow  Heart  Butw,  WiuU  River,  Wyoming. 
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Fio.  143.  —  A  rejuvenated  river.  In  the  left-huid  flfciire  the  stream  hss  reached 
KTAde  and  U  «w1nglii|i  over  a  floodplaln  In  a  gently  iloplng,  mature  valley. 
Id  the  riKht-hatid  flfture  the  land  ban  been  uplifted  and  a  youDg  valley  Is  sank 
in  the  bottom  of  the  mature  valley,  preserving  suuie  of  the  meandera  that  the 
stream  had  before  the  uplift.     Theae  may  be  called  entrendied  mtandtrs. 
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Small  detached  sections  of  mesas,  cut  off  by  denudation, 
are  called  bvtte*  (Figa.  141,  144).     They,  too,  are  capped  by 
durable  layers  which  have  preserved  them  from  being  worn 
down.     The  pres- 
ence of  these  flat- 
topped    butte  and 
mesa      areas      ac- 
counts for  the  name 
tableland,        often 
given  plateaus. 

SonmuLTy.  —  Flat- 
U^aped  areas,  called 
mesas  if  large,  butles 
if  small,  due  to  the 
rexi'slance  of  horizon- 
tal beds  of  hard  rock, 
are  common  among 
plaleaua,  giving  rise  _ 

to  the  name  tableland. 

58.  Superimposed  and  WcluTiiniitPjl  Bivera.  —  In  cutting  into  the 
strata  of  plains  and  pla  ly  wear  down  through  the 

horizontal  layers  to  bur  Hg.  123).     Such  rivers  are 

said  to  be  superimposed  ;tructure  (Fig,  142).    The 

Colorado  River,  for  exa:  ered  an  old,  buried  moun- 

tain mass  in  one  part  of 

An  uplift  of  the  lant  lew  life,  or  rejuvenates  it. 

The  stream  then  cuts  a  narrow  gorge  in  the  bottom  of  its  old 
valley  (Fig.  143).  Sxieh  a  valley  is  rejuven<Ued,  or  made  young 
again. 

Summary.  —  Supeiimpoaed  rivers  are  thone  which  cut  through  one 
set  of  layers  to  another  of  different  position.  A  rejuvenated  river  is 
otie  made  young  again  hy  any  cause,  as  by  uplift, 

57.  Climate  of  Plateaus.  —  High  plateaus  are  cold  because 
they  reach  into  cool  upper  layers  of  the  atmosphere  ._j^(|!J^j^e 


Q  the  Great  PUinB 
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plateau  of  Mexico,  for  iostance,  the  climate  is  tropical  at 
tKe  base ;  coffee  ia  grown  on  the  lower  alopea ;  but  grsina  are 
the  chief  cropa  on  top.  In  the  lower  Colorado  valley,  in 
Arizona,  the  summer  climate  is  almost  unbearably  hot,  while 
on  the  plateau  it  is  pleasantly  cool.  The  plateau  of  Tit>et  is  so 
high  that  it  has  a  cold,  disagreeable  climate,  even  in  summer. 
Plateaus  are  often  associated  with  mountains,  which  shut 
out  the  rain-bearing  winds.  Many  plateaus  are  therefore 
arid,  and  some,  like  central  Asia  and  parts  of  western  United 
States,  are  true  deserts. 

Suminaiy.  —  Ptateam  have  a  cooler  climate  than  neighboring 
lowlands;  they  are  qflen  arid. 

58.  Inhabitants  of  Hoist  Plateaus. — The  plateau  at  the 
western  base  of  the  Appalachians  (p.  80)  includes  the  Cats- 
kill,  Alleghany,  and  Cumberland  mountains.  It  Is  dissected 
by  valleys,  often  1000  feet  deep  (Fig.  145),  with  sides  too 
steep  for  cultivation,  but,  owing  to  the  moist  climate,  clothed 
with  forest  (Fig.  146).  There  are  no  true  buttes  and  mesas, 
and  no  real  canyons ;  but  the  surface  is,  nevertheless,  very 
rugged. 

Much  of  this  plateau  is  a  wild  region,  with  a  sparse  popu- 
lation, and  with  its  forest  areas  still  occupied  by  wild  animals. 
It  is  an  important  source  of  timber.  Tlie  scattered  farms 
are  poor  and,  south  of  Pennsylvania,  where  the  rugged, 
timber- cove  red  surface  interferes  with  communication  with 
the  outer  world,  there  are  sections  in  which  the  people  are 
very  backward.  Many  cannot  read  or  write ;  illicit  distilling 
of  whisky  is  one  of  the  industries ;  and,  in  some  parts,  there 
are  family  feuds  and  lawlessness,  resulting  in  much  loss  of  life. 

The  discovery  of  coal  has  led  to  the  opening  of  parts  of 
this  plateau  to  other  occupations  than  lumbering  and  the 
crude  farming  of  the  backwoodsmen.  In  this  respect  the 
plateau  of  western  Pennsylvania  has  advanced  far  beyond 
that  of  West  Virginia,  Tennessee,  and  Kentucky.     In  New 


1^140.— TItehllljplAtoaa  of  south weitem  Nsw  York.     (Fut  of  Salamanos 
Sbeet,  V.  8.  Geological  Surrejr.) 
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York  (Fig.  145)  the  plateau  is  less  rugged,  and,  consequently, 
better  developed.  It  tiaa,  in  large  part,  been  cleared  of  for- 
est, and  farm  lands  have  been  developed  wherever  possible. 
Yet  even  here  the  upland  farms  are  poor  in  quality. 

Somnuuy.  —  Rugged,  dissected  plateaus  in  moist  countries,  like 
that  west  of  the  Appalachiaiis,  are  laryely  forest-covered,  poorly 
adapted  to  farming,  mwi,  wUess  influenced  by  the  development  of 
mineral  resources,  are  apt  to  be  occupied  by  a  sparse  p(^ilation,  little 
influenced  by  the  outside  world. 

69.  Inhabitants  of  Arid  Plateaus.  —  Because  of  their  lug- 
gednesB,  coldness,  and  dryness,  arid  plateaus  are  sparsely 
settled.  In  the  West,  lai^e  areas  of  plateau  are  almost  un- 
inhabited except  by  ranchmen,  whose  cattle  and  sheep  feed 
on  the  sparse  growth  of  grass  (Figs.  127,  128). 

Because  of  the  dryness  there  is  little  farming,  except  near 
the  mountains  where  alluvial  fans  and  level  portions  of  the 
plateau  are  irrigated  by  water  from  the  mountain  streams. 
The  bottoms  of  the  canyons  are  rarely  wide  enough  for 
farms,  and  it  is  nsually  impossible  to  lead  the  water  out  for 
use  in  irrigation. 

The  Indians  who  occtipied  the  arid  plateau  of  southwestern 
United  States  formed  by  means  of  irrigation.  For  protection 
from  roaming  bands  of  more  savage  Indians,  they  often  built  their 
homes,  or  jtueMos,  on  the  buttes  and  mesas,  which  they  resemble 
in  color  and  form.  From  them  they  could  look  out  over  the  coun- 
try, and  be  partly  protected  from  enemies  by  the  steepness  of 
the  borderii^  cliffs.  Some  Indians  (Fig.  148)  still  live  in  these 
situations.  Other  Indians  lived  in  caves  in  the  cliffs,  and  still 
others  under  overhanging  ledges,  where  weather  and  wind  had 
removed  weaker  rocks  from  beneath  the  more  durable  ledges. 
The  latter  are  called  cliff  dweUers,  the  former  cave  dtcellers.  These 
habitations  are  no  longer  occupied. 

Stunmary.  —  Arid  plateaus  are  usually  sparsely  settled,  the  lead- 
ing occupation  being  ranching,  Kith  faming  by  irrigation  where 
posaible,  I  , 
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60.  Nature  of  Deserts.  — A  desert  is  a  regiou  in  which  fen- 
forms  of  life  cau  find  sustenance.  Thus,  by  reason  of  cold, 
tlie  vast  expanse  of  ice  in  Greenland  ia  a  desert ;  indeed,  it 
is  such  a  one  that,  in  a  large  part  of  its  area,  no  animal  or 
plant  can  live.  The  term  desert  is,  however,  commonly  ap- 
plied to  those  lands  on  which  there  is  so  little  rainfall  that 
only  a  few  especially  adapted  animals  and  plants  can  live. 
About  one  fifth  of  the  land  has  an  annual  rainfall  of  less 
than  ten  inches  and  is,  therefore,  desert ;  and  fully  as  much 
more  ia  arid,  having  too  little  rain  for  agriculture.^ 

It  is  a  mistake  to  suppose  that  no  rain  falls  in  deserts,  for 
there  is  no  land  on  the  earth  so  desert  that  it  does  not  have 
some  rainfall.  One  of  the  driest  deserts  is  in  southern  Peru, 
wliere,  close  by  the  Pacific,  a  period  of  seven  years  has 
elapsed  between  rains.  Nor  is  it  correct  to  imagine  deserts 
as  dreary  wastes  of  sand,  and  monotonous  expanses  of  plains. 
It  is  true  tliat  there  is  much  drifting  sand,  and  that  most 
deserts  are  either  plains  or  plateaus ;  but  deserts  also  have 
many  bare  rocky  slopes,  and  even  mountains  (Figs.  150- 
152).  Where  the  mountains  rise  high  enough,  rain  falls  on 
their  slopes,  streams  flow  down  their  valleys,  and  forests 
clothe  their  sides. 

Somiiuuy.  —  Deserts  are  due  to  cold,  and  to  lack  of  rain,  though 
even  the  driest  have  some  rainfall.  Most  deserts  are  plains  and 
plateaus,  tcUh  much  sand,  though  there  are  aiso  mountaiiut  and 
mani)  bare,  rocky  slopes. 

61.  Drainage  of  Deserts. — With  so  little  rain  there  is  natu- 
rally  little  drainage.  Most  of  the  rainfall  either  quickly 
evaporates  from  the  surface  or  sinks  into  the  soil ;  but  a 
heavy  rain  is  followed  by  a  rapid  run  off,  because  there  is  little 
vegetation  to  check  tlie  flow  of  the  water.  Heavy  rains, 
known  as  "cloudbursts,"  sometimes  occur,  especially  in  the 

>  For  explanation  of  desert  climates,  see  page  S81, 
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mountains ;  and  the  water,  running  out  upon  more  level  land, 
causes  floods,  which,  however,  quickly  subside. 

Because  of  these  sudden  fioods,  it  is  dangerouB  to  camp  in  a 
dried-up  stream  bed,  or  arroyo.  Railways  crossing  deserts  are 
often  damaged  by  these  floods ;  crops  and  houses  are  washed  away ; 
and  vast  quantities  of  sediment  are  brought  down.  This  forms 
alluvial  fans,  often  very  atony  near  the  mountains. 

It  may  be  months  or  even  years  between  rains,  so  that  desert 
streams  are  typically  intermittent.  Those  from  the  mountains 
have  a  more  regular  flow,  and  some  have  so  large  and  steady  a 
water  supply  that  they  are  able  to  maintain  their  course  entirely 
across  a  desert.  Thus  the  Coloi-ado  River  and  the  Nile,  fed  from 
distant  mountains,  flow  across  deserts  to  the  sea. 

Most  desert  streams  carry  so  little  water  that  they  lose  them- 
selves, or  waste  away,  a  few  hundred  yards,  or  a  few  miles,  from 
the  base  of  the  mountains  in  which  they  are  born.  Sometimes 
they  terminate  in  a  salt  marsh,  or  saline;  sometimes  in  an  cUkali 
flat  (p.  169) ;  sometimes,  when  there  is  enough  water,  in  salt  lakes. 
The  alkali  and  salt  are  brought  in  small  quantities,  dissolved  in 
the  water,  and  left  when  it  evaporates.  Where  salt  lakes  formerly 
existed,  and  on  the  salines  and  alkali  flats,  there  are  barren  and 
desolate  areas  of  glistening  salt  or  alkali. 

Snuunary.  —  3/bsf  desert  streams  are  vntermittent  and  subject  to 
occasional  Jtoods  ;  but  some  large  rivers,  fed  among  Ike  mountains, 
maintain  their  course  across  the  desert.  Many  streams  waste  au-ay 
on  the  desert  and  end  in  salt  Cakes,  salines,  and  alkali  fiata. 

S2.  Wind  Work  on  Deserts,  —  On  deserts  the  work  of  the 
wind  (Fig.  1\1)  is  more  important  than  that  of  water.  Small 
duet  ■whirlwinds  are  common  on  hot  summer  days,  and  even 
moderate  winds  drift  the  sand  and  dust  along  the  surface. 
Violent  winds  raise  the  sand  in  the  air,  causing  fierce  dust 
storms  which  obscure  the  sky  and  land,  and  even  endanger 
life.  During  such  a  wind  the  movement  of  the  sand  may 
entirely  change  the  details  of  the  land  surface.  The  finer 
dust  is  often  drifted  far  away,  dust  from  the  Sahara  having 
settled  in  central  Europe  and  on  ships  west  of  Africa. 
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It  is  this  wind  work  that  piles  up  the  sand  which  every  one 
associates  with  deserts.  The  sand  is  made  of  small  rock  f  n^ments 
weathered  from  the  cliffs  (Fig.  151),  and  brought  down  by  the 
streams.  It  is  drifted  about,  and  gatliered  into  vast  areas  of  sand 
dunes,  which  are  so  difficult  to  cross  that,  wherever  possible,  caravan 
routes  carefully  avoid  them.  The  sand  dune  hills  may  reach  a 
height  of  several  hundred  feet,  though  usually  they  are  much  lower. 


The  front  is  steep  on  the  side  away  from  the  wind,  and  the  surface 
is  rippled  with  sand  waves  (Fig.  147),  formed  by  movement  of  the 
sand  before  the  wind.  Sand  dune  hills  slowly  change  form  and  posi- 
tion, and  cities  in  central  Asia  have  been  buried  by  their  advance. 

Summary.  —  Winds  move  thesmall  rock  fragments  about,  accumu- 
lating the  sand  in  favorable  positions,  thus  forming  belts  of  aand 
dunes  which  are  ever  changing  in  form  and  position. 

63.  Life  on  Deserts.  —  Deserts  offer  little  incentive  to  human 
occupation.     The  barrenness  of  the  country  (Figa.  148-151) 


FiQ.  149.  —  Desert  of  Egin>t  ■'  ^e  Pyramids. 


Fio.  150.  —Desert  near  Qreat  Salt  Lake, 
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and  eparseoess  of  the  population  are  unfavorable  to  the  devel- 
opment of  mineral  deposits,  and  there  is  little  opportunity 
for  other  industries.  The  rainfall  is  too  light  for  agriculture 
without  irrigation,  and  only  a  few  parts  have  a  water  supply 
for  irrigation.  Areas  which  have  water  are  called  oa»e»  (Fig. 
152);  these  are  usually  either  scattered  springs  in  the  desert, 
or  else  places  where  streams  descend  from  mountain  canyons 
and  flow  out  upon  alluvial  fans.  A  large  stream,  like  the 
Nile  or  Euphrates,  causes  a  large  oasis  which  may  support  an 
enormous  agricultural  population, 

A  few  scattered  people  find  life  possible  in  all  the  desert  lands. 
In  the  Old  World  the  desert  people  (Fig.  526)  are  nomads,  or  wan- 
derers, who  move  with  their  herds  from  oasis  to  oasis,  to  ^ve  the 
animals  a  chance  to  feed  on  the  sparse  desert  vegetation.  Such 
a  life  of  danger  and  privation  develops  a  hardy,  warlike  people, 
with  love  of  freedom  and  a  contempt  for  the  monotonous  settled 
life  of  the  farmer.  These  people,  having  learned  how  to  use  the 
camel  (Fig,  619),  "  the  ship  of  the  desert,"  for  carrying  their  bur- 
dens, have  long  been  traders  and  caravan  leaders  across  the 
deserts.  For  centuries  the  chief  means  of  communication  between 
the  east  and  west  of  the  Old  World  was  by  caravan.  Many  of  the 
Bible  descriptions  refer  to  desert  life,  for  Palestine  is  surrounded 
by  desert  and  is  on  caravan  routes. 

Snmnury. —  Except  on  ikt  oases,  deserts  are  unfavorable  to  setth- 
ment,  being  occupied,  in  Ike  Old  World,  by  a  scattered  noTnadic  popu- 
lation, engaged  in  herding  and  in  caravan  trade  by  use  of  the  cameL 

Topical  Outline,  Questions,  and  Suogebtiomb^ 

Topical  Outline.  — 46.  Continental  Shelf  Plains.  — Off  North 
American  coast,  —  width,  depth,  origio;  result  if  uplifted. 

47.  Cosatal  PUlos. —  (a)  Origin  and  instances,  (b)  Atlantic  coBHtal 
plain:  extent;  structure;  artesian  wetls.  (e)  Agriculture:  sand;  soil; 
higher  lands;  swamp  land^  (i^  Coast  line:  effect  of  sinking;  fishing; 
sand  bars;  navigation.  («)  Rivers:  swampn;  lakes;  joung  valleys, 
(/)  Fall  Line:  cause;  Indian  settlements;  location  of  cities. 

48.  The  RnssUn  and  Siberian  Plains.  —  Extent;  origin;  condition  of 
dninage ;  the  tundra i  the  forest  belt ;  the  Bt«ppe8.  ^       ,p|^. 
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49.  PUiu  and  Prairies  of  Central  United  Stat«i.  —  (a)  General  fea< 
tures;  origiiij  later  changes ;  elBvatioii ;  slopes;  iufluence  or  Missiasippi. 
(b)  Great  Plains;  climate;  grazing;  agriculture;  timber,  (c)  Prairies: 
cause;  influence  on  settlement,  (i/)  Mineral  deposits:  kinds;  influence 
on  maiiufactumig.    (e)  Otber  great  plains. 

50.  Lalce  Plaina.  —  Lake  bottoms ;  drained  lake  bottoms;  Red  River 
valley  plaizis;  evaporated  lake  bottom  plain.s;  other  classes  of  plains. 

51.  Life  History  of  a  Plain.  —  Young  plain;  mature  plain;  oldptain; 
belted  coastal  plains,  —  strata,  denudation,  result. 

52.  nature  of  Plateaus.  —  Association  with  uiountaiiis;  relationsliip  to 
plains;  elevation  of  certain  plateatis;  tilted  plateau  blocks;  lava  floods. 

53.  Sculptnriog  of  Plateaus.  —  Life  history ;  effect  of  arid  climates. 

54.  Canyons.  —  Definition ;  occurrence ;  Colorado  Canyon. 

55.  Hewu  and  Bnttea.  —  Mesas ;  buttes ;  tablelands. 

56.  Superimposed  and  Kejuvenated  Rivera,  —  (a)  Superimposed :  mean- 
ing; example,     (b)  Rejuvenated. 

57.  Climate  of  Plateaus.  —  Coolness;  illustratioDS ;  arid  climate. 

58.  Inbabitants  of  Moist  PlHteans.  —  Surface  features  of  plateau  west 
of  the  Appalachians;  iiihabitants ;  occupations ;  coal  mining;  New  York. 

59.  Inhabitants  of  Arid  Plateaus.  —  Climate;  ranching;  irrigation; 
Indian  pueblos;  cliff  dwellers;  cave  dwelltrs. 

60.  nature  of  Deserts.  —  Two  causes ;  exti^nt ;  rainfall ;  surface  features. 

61.  Drainage  of  Deserts.  —  Rainfall;  runoff;  "cioud-bursts";  arroyae; 
effects  of  floods;  intermittent  streams;  large  streams  fed  from  moun- 
tains; withered  streams ;  salines;  alkali  flats  ;  salt  lakes;  cause. 

63.  Wind  Work  on  Deaerta.  —  Importance;  sand  storms;  source  ot 
sand;  sand  dunes;  change  in  position. 

63.  Life  on  Deserts.  —  Mineral ;  farming;  oases;  nomads;  camel. 

Qttestioss. —  46.  What  are  the  conditions  on  the  sea  bottom  off  the 
North  American  coast?    What  would  result  if  it  were  elevated  ? 

47,  Where  are  coastal  plains  found  1  Why  7  Why  is  artesian  water 
found  in  them?  What  industries  are  develojicd  on  the  Atlantic  coastal 
plain?  What  is  the  nature  of  the  coast  line?  Why?  What  are  the 
evidences  of  youth?     What  are  the  cause  and  effects  of  the  Fall  Line? 

48.  What  is  the  eitentof  the  Russian  and  Siberian  plains?  What  is 
their  origin  ?  What  proof  is  there  of  youth  1  What  are  the  conditions 
in  the  northern,  central,  and  southern  portions? 

40.  What  is  the  general  condition  of  tlie  plains  of  central  United 
States?  What  are  the  conditions  on  the  Great  Plains?  Why  are  the 
prairies  treeless?  What  effect  has  this  condition  had?  Account  for 
the  development  of  the  central  plains  region.  Where  else  are  Biniilar 
plains  found? 
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60.  What  has  caused  Ibe  plaiiia  of  the  valley  of  the  Bed  River  of  the 
North?  Those  near  Great  Salt  Lake?  What  other  kinds  of  plains  are 
there? 

51.  State  the  life  histoiy  of  a  plain.    Explain  belted  plains. 

52.  Uow  are  plateaus  related  to  mountains?  How  do  they  differ 
from  plains?     What  ia  tlie  condition  of  the  rock  strata? 

53.  How  does  the  life  history  of  plateaus  reEeiiible  and  differ  from 
that  of   plains?     Whut  effect  haa  an  arid  climate  on  sculpturing? 

54.  Wliat  is  a  canyon?     Describe  the  Colorado  canyon. 

55.  Explain  mesas.    Buttcs.    Account  for  the  name  tableland. 

56.  What  are  su|>eiimposed  valleys  ?    What  are  rejuvenated  valleys  ? 

57.  How  do  plateaus  affect  temperature?  Give  illustrations.  Why 
are  plateaus  often  arid? 

58.  What  is  the  condition  of  the  plateau  west  of  the  Appalachians? 
What  effect  has  this  on  the  people?  What  differences  are  there  from 
Teanesaee  to  New  York?    Why? 

59.  Why  are  arid  plateaus  sparsely  inhabited?  What  are  the  indus- 
tries?   How  did  the  Indians  of  the  Southwest  formerly  live? 

30.  State  the  causes  for  deserts.  What  about  the  rainfall?  The 
Borface  features? 

61  Desci'ibe  the  conditions  of  draint^  in  deserts.  What  is  the 
cause  of  salt  and  alkali  deposits? 

62.  Descnbe  wind  work  in  deserts.  Describe  and  explain  desert 
sand  dunes. 

63.  What  are  the  industries  of  deserts?  What  are  nomads?  How 
do  they  live?    Of  what  importance  is  the  camel? 

SDaGESTTOKS.  —  (1)  Afake  a  coastal  plain.  In  a  shallow  dish  make  an 
irregnlar  land  surface  of  clay.  Have  one  portion  hilly  to  represent  land, 
the  other  part  low.  Fiil  the  lower  portion  with  water.  With  a  sprin- 
kling pot  carefully  wash  some  of  the  land  into  the  depression,  then  drain 
off  the  water  with  a  siphon.  Notice  the  marginal  plain  that  is  built 
o9  the  land.  It  is  a  fair  miniature  ol  a  coastal  plain.  Is  it  perfectly 
level?  What  irregularities  are  there?  Why?  (2)  In  the  same  dish 
mold  a  basin  of  clay,  and  drop  pebbles  on  the  bottom  to  represent  hills. 
Partly  fill  with  water.  Sprinkle  clay  into  the  water,  and,  after  it  has 
settled,  draw  off  the  water.  If  clay  enough  has  been  added  the  bottom 
nnll  be  level,  quite  like  a  drained  lake.  What  is  the  nature  of  this  bot- 
tom ?  How  does  it  compare  with  those  de^iciibed  in  the  text  ?  The  con- 
ditions which  existed  in  the  Great  Salt  Lake  region  can  be  imitated  by 
allowing  the  water  to  evaporate,  instead  of  drawing  it  off.  The  condi- 
tiou  in  the  Bed  River  valley  can  be  imitated  by  making  one  side  of  the 
basin  of  pttcked  snow  or  ice  and  allowing  it  to  inelt,  thus  draining  the  lake. 
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(3)  Make  a  ba&in  similar  to  the  atiove,  but  use  ult  water  (diseolving  salt 
iD  the  water  ttefore  pouring  it  iu).  Then  allow  it  to  evaporate.  What 
is  the  result?  This  is  similar  to  the  condttiona  which  have  cauaed  many 
beds  of  salt,  for  example,  those  of  New  York,  Michigan,  Kansas,  and 
the  Far  West.  (4)  To  make  an  artesian  well.  On  a  gently  inclined 
board  (say  at  an  angle  of  10°)  place  a  layer  of  sand  and  pebbles,  two 
inches  thick;  cover  witb  a,  piece  of  thia  cotton  clotli,  or  cheese  cloth; 
and  then  place  on  this  a  layer  of  clay  fom:  inches  thick.  Extend  the  cUy 
down  oTST  the  lower  edge  and  the  two  sides  of  the  pebble  layer,  making 
it  so  tight  that  water  will  not  seep  through  easily.  Pour  water  Iu  at  the 
upper  edge  of  Uie  pebble  layer.  Now,  near  the  lower  end  of  the  board, 
insert  a  glass  tube  six  inches  long  down  to  the  pebble  layer  (it  will  be 
well  to  leave  a  small  hole  in  the  cloth  for  this  purpose).  The  water  should 
flow  out  of  the  tube  as  an  arte^an  well  does.  (5)  Make  a  smaU  plain  of 
clay,  sloping  in  one  direction,  and  slowly  sprinkle  it  witb  a  spray  of  water. 
Watch  carefully  and  describe  every  stage  in  the  wearing  away  of  tlia 
phiin.  (6)  Make  a  much  higher  plain,  to  represent  a  plateau,  and  note 
the  difference  between  the  wearing  away  of  the  two.  If  a  very  thin 
layer  is  made  with  a  little  plaster  of  paris  in  it  (not  too  firmly  cemented), 
buttes  and  mesas  may  be  made  by  sprinkluig.  (7)  Map  studies  are  sug- 
gested in  Appendix  J. 

Reference  Books. —  Tarr,  Phgtical  Gtographi)  of  iVeu    York  Slate, 
Chap.  I II,  Macmillan  Co.,  New  York,  1902,  ^.50 ;  Chambbrlin,  A  riesiaa 

Welti,  5tb  Annual  ir.  S.  Geological  Survey,  p.  131 ;  Salibbdrt,  Tht 
Phi/tical  Geography  of  Nem  Jersey,  New  Jersey  Geological  Survey,  Tren- 
ton, N.J.,  1895;  Abbe,  Pkyfiography  of  Maryland,  Vol.  I,  Part  IT, 
Maryland  Weather  Service,  Baltimore,  Md.,  189B ;  Caupbrli.  and 
Meni>KMEIAI.l,  Weit  Virginia  Plaleaa,  17th  Annual  U.S.  Geolt^cal 
Survey,  p.  480 ;  Powell,  ETploration  of  the  Colorado  River  of  the  Weit, 
Washington,  1875  (out  of  print;  second-hand  stores)  ;  Powell,  Canyom 
of  the  Colorado,  Flood  and  Vincent,  Meadville,  Pa.,  1893,  flO.OG;  Duttom, 

Colorado  Canyon,  2d  Annual  U.  S.  Geological  Survey,  p.  49;  also  Mono- 
graph II,  U.  S.  Geological  Survey,  Washington,  D.  C,  |10.00. 
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CHAPTER  VI. 


MOUITTAINS. 

M.  Introductory. -—MountainB  contrast  strikingly  with 
plains,  but  resemble  dissected  plateaus  in  irregularity  of 
form.  The  ruggedness  and  coldness  of  lofty  mountains 
make  them  barriers  rather  than  attractive  homes.  Mineral 
wealth  often  induces  men  to  live  among  mountains,  and,  in 
summer,  people  are  attracted  to  them  by  the  cool  climate  and 
beautiful  scenery.  But,  not  being  suited  to  extensive  agri- 
culture, mountains  are  never  densely  settled. 

These  and  other  facts  furnish  reasons  why  mountains  are 
worthy  of  study.  There  are  many  questions  of  interest  which 
Bucb  a  study  will  answer.  Why,  for  example,  are  the  Alps 
so  high  and  rugged,  the  Appalachians  so  low  and  ridge-like, 
and  the  New  England  mountains  so  low  and  hiUy  ?  Why  do 
rivers  sometimes  cross  mountains  in  narrow  gaps  while  other 
mountain  valleys  are  broad  and  flat-bottomed  ?  The  follow- 
ing pag^  answer 
some  of 
questions. 

65.  The  Honii' 
talnRocks.— Un- 
like those  of  plains 
and  plateaus,  the 
strata  of  moun- 
tains are  almost 
never  horizontal, 
found. 


—  Faalt  block  moantAiiiS. 


All  kinds  of  folds  and  faults  (p.  37)  are 
Some  mountains,  like  many  in  the  Great  Basin,  are 
simply  faulted  and  tilted  blocks  of  strata,  with  the  layers 
inclined  in  a  single  direction  (Fig.  155).  ,  Other«,,like,  the 
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Jura  in  Switzerland,  consist  of  strata  folded  into  regular 
auticlinea  and  synclines  (Fig.  168).  Still  others,  like  the 
Alps,  are  very  complexly  folded  and  faulted  (Fig.  156). 
The  strata  of  the  Appalachians  were  originally  horizontal, 


but  are  now  complexly  folded.  If  they  could  be  straightened 
out  to  their  original  condition,  they  would  occupy  fully  six 
times  as  much  area  as  now.  That  is  to  say,  120  miles  of 
rock  strata  have,  by  folding,  been  crowded  into  twenty  miles 
of  mountain. 

Snch  complex  folding  often  so  alters,  ormetamorphosea,  the 
rocks  that  it  is  very  difQcult  to  tell  their  original  condition 
(p.  34).  Igneous  rocks  often  cut  across  the  mountain  strata 
(Kig.  34),  and,  therefore,  one  may  in  iv  short  distance  find 
many  kinds  of  rock  —  granite,  gneiss,  sandstone,  limestone, 
etc.,  —  occupying  many  different  positions.  This  complexity 
gives  denudation  an  opportunity  to  sculpture  mountains  into 
many  irregular  land  forms  that  are  not  possible  on  plains  and 
plateaus. 

Snnunary.  —  Mountain  rocks  are  inclined  at  various  angles  btf 
folding  and  faulting,  aitd  theij  are  also  veri/  complex  in  kind.  In 
these  respects  mounfaine  contrast  strikingti/  uith  plains  and  plateaus. 

66.  ffames  applied  to  Parts  of  Hountains.  —  A  mountain  atiHem 
is  a  series  of  inountaia  folds,  raised  by  the  same  uplift  and  form- 
ing a  single  group.  A  mountain  system  consists  of  minor  por- 
tions, or  ranges  (Fig.   lo3).     A  group  of  mountain  By3t«m8  is 
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FiQ   1  jO  — Diagram  to  show  mouniaiii  ridgoa  nhoio 
denudatiou  has  etched  Inclmed  hard  strata  luto 


called  a  cordUlera.  For  example,  the  cordillera  of  western  United 
States  includes  four  systems,  —  the  Coast  Ranges,  the  Sierra 
Xevada-Cascade  system,  the  Basin  Bange  system,  aud  the  Eocky 
Mountain  system.  Each  of  these  systems  consists  of  a  number  of 
ranges  ;  for  instance,  tlie  Rocky  Mountain  system  has  many  ranges, 
such  as  the  Wasatch  and  Uinta  ranges. 

Denudation,  wearing  away  the  ranges,  leaves  some  of  the  hard 
rocks  standing  above 
the  general  level.  If 
these  elevated  por- 
tions are  long,  they 
are  called  ridges 
(Figs.  38,  154, 159) ; 
if  not  greatly  elon- 
gated, peaka  (Fig. 
157).  There  may  be 
many  peaks  and 
ridges  in  a  single  range  (Fig.  li>3).  More  rarely  ridges  and  peaks 
are  formed  by  folding  or  faulting  (Fig.  155). 

There  are  different  kinds  of  valleys  among  mountains-  The 
largest  of  these  are  the  broad  plateaus  between  mountain  syBtems, 
When  they  have  no  outlet  to  the  sea,  as  in  the  Great  Basin  of  the 
West,  they  are  called  interior  basins  (p,  22).  Smaller  basins  with- 
out outlet  are  formed  between  mountain  ranges  by  downfolding. 
Broad  valleys  in  the  Rocky  Jlountains,  some  due  to  folding,  others 
to  denudation,  are  commonly  called  parks  (Fig.  165).  In  the 
Appalachians,  narrow  gorges  cut  by  streams  across  ridges,  are 
called  water  gaps  (Figs.  172,  463,  467).  A  mountain  pass  (Figs. 
158, 187)  is  a  low  portion  of  a  mountain  divide.  Passes  are  usually 
caused  by  denudation,  where  streams  head  together  on  opposite 
sides  of  a  divide.  Their  position  is  often  due  to  the  presence  of 
a  weak  rock. 

Summary.  —  Tlie  names  cordillera,  system,  range,  ridge,  and  peak 
are  applied  to  mountains  or  parts  of  mountains.  The  names  interior 
basin,  park,  water  gap,  and  pass  are  applied  to  mountain  valleys. 

67.  Climate  of  Mountains. — The  temperature  of  the  air 
decreases  1°,  on  the  average,  for  every  300  feet  of  elevation. 
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Therefore,  high  plateaus  and  mountains  rise  into  the  cool 
upper  layers  of  the  air.  Indeed,  many  mountains  rise  so  high 
that  there  is  perpetual  bqow  on  their  summit^  and  glaciers 
in  their  valleys.  The  line  ahove  which  there  is  perpetual 
snow  is  called  the  tnow  line  C^igs-  153,  157).  Below  this  is 
a  belt  with  a  climate  too  cold  for  tree  growth.  The  line 
above  which  trees  cannot  grow  is  known  as  the  timber  line 
(Figs.  158,  166).  These  lines  are  lower  on  the  shady  than 
on  the  sunny  side  of  mountains,  and  in  the  temperate  than 
in  the  tropical  zone. 

Mountains  in  the  path  of  vapor-bearing  winds  have  abundant 
rainfall  on  the  slopes  against  which  the  winds  blow  (p.  287).  The 
opposite  slopes,  and  the  country  beyond,  are  dry,  because  so 
much  vapor  is  lost  in  passing  over  the  mountains.  This  is  well 
illustrated  in  northwestern  United  States,  where  winds  from  the 
Pacific  cause  abundant  rain  on  the  western  slopes,  but  reach  the 
eastern  side  so  dry  that  the  country  is  arid 

Snmmary.  —  On  high  moitntaina  there  is  a  line,  called  the  Umber 
line,  above  which  no  trees  can  grow;  higher  still  is  a  zone  of  per- 
petucd  snow.  Moitntaina  are  well  watered  on  the  side  from  tohick 
vapor-bearing  winds  blow,  and  often  arid  on  the  oj^site  slopes, 

68.  Denudation  of  Hountaios-  — The  climate  aud  great  ele- 
vation of  mountains  give  high  power  to  the  agents  of 
denudation.  Because  the  rivers  are  well  above  base  level, 
they  are  able  to  cut  deep  gorges  (Fig.  167)  and  canyons. 
Weathering  is  also  very  active,  especially  on  steep  slopes 
above  the  timber  line  (Figs.  54,  160),  where  there  is  little 
vegetation  to  offer  protection  to  soil  and  rock.  In  such 
situations  the  rock  is  exposed  to  sharp  contrasts  in  tempera- 
ture between  day  and  night ;  frost  action  is  vigorous ;  and 
the  strong  winds,  heavy  rains,  and  melting  snows  all  help 
to  move  rock  fragments  down  the  steep  slopes. 

Among  high  mountains  the  slopes  are  often  so  steep  that  the 
rock  fragments  fall  to  their  base  (Figs.  54,  183).  Some  of  this 
rock  waste  is  carried  away  by  streams,  but  very  often  more  falls 
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.  15i).  —  Diagram  to  show  nnjunlaln  tidges  wbei-e 
depudatioQ  has  etched  inclined  bacd  stratA  into 


called  a  Cordillera.  For  example,  the  cordilleraof  western  United 
States  includes  four  systems,  —  the  Coast  Ranges,  the  Sierra 
Mevada-Cascade  system,  the  Basin  Kaoge  system,  and  the  Koclty 
Kountain  system.  Each  of  these  systems  consists  of  a  number  of 
ranges ;  for  instance,  the  Kocky  Mountain  system  has  many  ranges, 
such  as  the  Wasatch  and  Uinta  ranges. 

Denudation,  wearing  away  the  ranges,  leaves  some  of  the  hard 
rocks  standing  above 
the  general  level.  If 
these  elevated  por- 
tions are  lung,  they 
are  called  ridges 
(Figs.  38,  154, 159)  ; 
if  not  greatly  elon- 
gated, pedka  (Fig. 
157).  There  may  be 
many  peaks  and 
ridges  in  a  single  range  (Fig.  153).  More  rarely  ridges  and  peaks 
are  formed  by  folding  or  faulting  (Fig.  155), 

There  are  different  kinds  of  valleys  among  mountains.  The 
largest  of  these  are  the  broad  plateaus  between  mountain  systems. 
When  they  have  no  outlet  to  the  sea,  as  in  the  Great  Basin  of  the 
West,  they  are  called  interior  basins  (p.  22).  Smaller  basins  with- 
out outlet  are  fonoed  between  mountain  ranges  by  downfolding. 
Broad  valleys  in  the  Rocky  Mountains,  some  due  to  folding,  others 
to  denudation,  are  commonly  called  parks  (Fig.  165).  In  the 
Appalachians,  narrow  gorges  cut  by  streams  across  ridges,  are 
called  umter  gaps  (Figs.  172,  463,  467).  A  mountain  pass  (Figs. 
158, 187)  is  a  low  portion  of  a  mountain  divide.  Passes  are  usually 
caused  by  denudation,  where  streams  head  together  on  opposite 
sides  of  a  divide.  Their  position  is  often  due  to  the  presence  of 
a  wsak  rock. 

Snmmaiy.  —  Tlie  names  coniillera,  system,  range,  ridge,  and  peak 
are  applied  to  mountains  or  parts  of  mountains.  T/ie  numes  ivterior 
bagin,  park,  water  gap,  and  pass  are  applied  to  mountain  valleys. 

67.  Climate  of  Mountains. — The  temperature  of  the  air 
decreasea  1°,  on  the  average,  for  every  300  feet  of  elevation. 
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69.   Resembluice  between  Hoantaina  and  Hig;!i  Plsteaut. — Some 

plateaus  ai-e  more  elevated  than  mauy  high  mountain  peaks ;  it 
is  only  very  lofty  mountains  that  rise  higlier  than  10,000  feet, 
and  yet  there  are  plateaus  which  reach  that  level.  These  high 
plateaus  are  often  so  carved  by  vigorous  denudation  as  to  closely 
resemble  mountains  (Fig.  146).  They  are,  in  fact,  sometimes  called 
mountains. 

The  Catskill  Mountains,  for  example,  are  not  mountains  in  the 
tme  sense,  but  dissected  plateaus.  In  the  Catskiils,  denudatioa 
has  carved  out  peaks  and  deep  valleys  with  precipitous  sides ;  but 
the  nearly  horizontal  strata  prove  that  they  were  uplifted  as 


FiQ.  163,  — A  section  showing  folded  moantato  strata  (on  tbe  right)  grading  Into 
the  horizontal  strata  ot  a  plateau  (on  the  left).  Compare  the  two  portioaa 
in  rQggednesa  and  elevation. 

plateaus,  not  as  mountain  folds.    Such  mountain-like  plateaus  are 
usually  near  mountains,  and  gradually  merge  into  them  (Fig.  1G3). 

Summary.  —  Vigorous  denudation  so  sculptures  high  plateaus, 
like  the  Caiskilh,  as  to  make  the7u  resemble  mountains  in  nigged- 
ness;  bul  tlieir  strata  are  horizontal. 

70.  DlBtribatlon  of  Mountains.  —  Although  mountains  are 
typical  of  continents,  there  are  ranges  in  the  open  ocean  ;  for 
example,  the  New  Zealand  and  Hawaiian  ialands.  The  latter 
are  volcanoes  rising  from  the  crest  of  a  Bubmarine  mountain 
fold,  having  a  length  of  1500  miles.  There  are  many  other 
ranges  in  the  ocean,  especially  in  the  South  Pacific. 

Mountains  are  common  at  or  near  the  border  of  continents 
(Figs.  20-27).  They  sometimes  fringe  the  coast,  as  in  the  case 
of  the  Kurile,  Japanese,  and  Philippine  islands,  and  the  East 
and  West  Indies.  Mountain  chains  also  extend  from  the  land 
into  the  sea,  forming  peninsulas;  for  example,  the  peninsulas 
o£  Lower  California,  Kamchatka.  Malay.  Greece,  and  Italy. 
In  other  places  mountain  systems  form  the  very  border  of  the 
continents,  rising  directly  out  of  the  sea.     Suoh  a  condition 
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■ifl  well  illiutrated  by  the  Coast  Ranges  of  western  North 
America  and  the  Andes  of  South  America. 

Mountains  are  also  found  far  from  the  coast ;  for  example, 
the  Appalachians,  Rocky  Mountains,  Sierra  Nevada,  and  the 
mountains  of  central  Europe  and  Asia.  But  most  mountains 
of  the  interior,  when  first  formed,  rose  froTii  the  sea. 

A  large  number  of  the  mountain  systems  extend  from 
north  to  south  (Figs.  20-25).  It  is  to  this  fact  that  several 
of  the  continents  owe  their  shape,  —  that  of  a  triangle,  with 
the  long  direction  from  north  to  soutli  (p.  28).  There  are, 
however,  many  ranges  running  east  and  west,  especially  in 
Asia  and  Europe  (Figs.  26,  27).  No  regular  law  has  thus 
far  been  discovered  regarding  the  distribution  of  mountains. 

Snnunuy.  —  Mountains  occur  on  continents,  both  in  the  interior 
and  along  the  border,  where  they  form  chains  of  islands,  peninsulas, 
and  systems  which  rise  at  the  very  margin  of  the  land.  They  also 
form  island  chains  in  the  open  ocean.  Som£  extend  north  and  sovih, 
others  east  and  west. 

71.  Cuiae  of  Hoantaina.  —  The  explanation  of  mountains  most 
widely  accepted  is  that  of  contraction  (p.  20).  As  the  heated 
interior  of  the  earth  cools  and  shrinks,  the  cold  crust  settles; 
but  it  cannot  fit  the  constaatly  shrinkiog  interior  without  wrin- 
kling. This  causes  mountains,  which  are  wrinkles  in  the  earth's 
crust.  You  can  ilhistrate  this  by  covering  a  ball  with  a  thick 
flannel  cover  a  little  too  large  for  the  ball,  then  trying  to  press  it 
down  on  the  ball.     Some  parts  of  the  cloth  must  wrinkle. 

There  is  evidence  that  mountain  folding  has  occurred  again 
and  again  in  the  same  place;  also  that  this  growth  has  been  slow. 
Several  times,  mountain  systems  have  risen  in  eastern  and  western 
United  States ;  but,  in  the  plains  between,  there  has  been  practi- 
cally no  mountain  formation  at  any  period.  The  same  is  true  of 
other  parts  of  the  earth. 

Summary.  —  Mountains  are  wrinkles  of  the  earth's  crttst,  caused 
by  its  settling  on  the  cooling  and  contracting  interior.  They  havp 
been  formed  sloinly  and  by  successive  uplifls. 
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72.  Types  of  Mountains.  —  Perhaps  the  simplest  tjpe  of 
mountain  ie  that  in  which  a  block  of  strata  has  been  up- 
lifted, along  a  fault  plaue,  and  tilted  (Fig.  155).  Such  a 
mountain  has  one  moderate  and  one  steep  elope,  while  the 
crest  is  a  ridge  parallel  to  the  fault  plane.  Mountains  of 
this  type  are  found  in  southern  Oregon  and  other  parts 
of  the  Great  Basin.  These  tilted  block  mountains  may  reach 
a  height  of  4000  or  5000  feet,  a  width  of  10  to  20  miles,  and 
a  length  of  50  to  100  miles. 

Another  simple  mountain  type  is  the  dome,  in  which  the 
strata  have  beeu  raised  by  the  intrusion  of  lava  (p.  127).    In 


such  a  mountain  there  is  no  ridge,  but  a  central  area  from 
which  tlie  surface  slopes  in  all  directions.  This  type  is  illus- 
trated hy  the  Henry  Mts.  (Fig.  164)  and  others  in  the  West. 
A  third  simple  type  is  the  evenly  folded  mountain,  illus- 
trated by  the  Swiss  Jura  (Fig.  168)  and  parts  of  the  Appa- 
lachians. When  such  mountains  are  formed  the  surface  is 
thrown  into  a  series  of  regular  waves,  like  the  waves  of  the  sea, 
the  anticlines  forming  mountain  ridges,  the  synclines,  valleys 


Fio.  166.  — A  park,  o 


Fh>.  166. The  timber  line  on  Alpine  PnssiD  tlie  Rocky  Mountains  ot  Colorado. 


Fia.  1(17.  —  A  deep,  naitow  gorge  In  the  Alps.   There  am  pot  holes  ]utt  above  the 
path  on  the  lett.  showing  that  the  stream  bottom  was  once  M  that  l«veL 

This  gorge  la  being  rapidly  deepened.  (>'" 
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(Pig.  168).     When  deoudatioa  cuts  deeply  iato  these,  as  in 
the  Appalachians,  each  hard  layer  is  left  as  a  ridge  (Kig- 172). 
Mountains  whose  strata  are  greatly  contorted  (Fig.  156) 
and  metamorphosed,  with  much  igneous  rock,  have  a  far  less 
simple  form.     De- 
nudation,   discov- 
ering   difFereuces 
in  the  rocks,  sculp- 
tures   them    into 
very  irregular  and 
ni^ed     outlines. 
The  Rockies  and 
Alps    (Figs.  153, 
157, 165)  are  types 
of  such  mountains. 

Snmmaiy. —  There 
are    timjie    faulted      ^°-  168.  — Folds  ot  the  Jura  In  Switzerland,  BhoirlDg 
Wodfc       mOMBtoins  ;  «W«ii<.b  P»-»llol  to  the  lolds  and  crowing  them  in 

.  '  deep  valleys. 

aome»  raised  by  the 

itUnuion  of  lava;  evenly  folded  Tnountaina  ;  and  very  complexly 
folded  mouniains.  The  latter  are  carved  into  very  irregular  and 
rugged  forms. 

73.  LUe  History  of  Hoantaios. — Let  us  assume  that  the 
strata  of  a  plain  are  being  folded  to  form  a  mountain  system. 
As  the  strata  slowly  bend,  the  surface  becomes  irregular; 
and,  when  the  strain  becomes  too  great,  the  rocks  slip  along 
fault  planes.  This  jars  the  earth,  forming  earthquake 
shocks,  which  may  be  very  severe.  Through  the  deeper 
GsBures,  lava  may  rise,  building  volcanic  cones.  Such  earth- 
quakes and  volcanoes  are  common  in  regions  of  growing 
mountains  (pp.  125,  132). 

From  the  very  first  the  rising  land  is  attacked  by  the 
agents  of  denudation;  but  thie  attack  increases  as  the  moun- 
tains grow  higher.     Since  the  mountains  are  not  worn  down 
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as  rapidly  as  they  are  elevated,  they  continue  to  grow  higher, 
reaching  above  the  timber  line  and  even  into  the  zone  ot 
perpetual  snow.     Then  glaciers  extend  down  the  valleys. 

Down-folding  forms  broad  valleys  between  the  ridges;  and 
streams  cut  narrow  gorges  across  them.  The  durable  rocks 
are  etched  out  into  ridges  and  peaks,  the  weak  rocks  are 
cut  away,  forming  valleys  and  passes.  In  this  stage  the 
surface  is  so  irregular  that  few  people  are  able  to  live  among 
the  mountains.  Such  mountains,  illustrated  by  those  of 
western  North  and  South  America,  the  Himalayas,  and  the 
Alps,  are  young  mountains.  Find  pictures  of  young  moun- 
tains in  this  cliapter. 

The  time  comes  when  uplift  ceases ;  but  denudation  con- 
tinues to  broaden  the  valleys  and  lower  the  peaks  and  ridges. 
As  the  mountains  are  lowered,  glaciers  disappear,  and,  in 
time,  even  the  highest  peaks  may  come  below  the  timber  line. 
Such  mountains,  which  have  lost  the  ruggedness  of  youth, 
may  be  called  jnature;  the  Appalachians  and  the  mountains  of 
New  England,  Norway,  and  Scotland,  are  examples  (Figs.  170, 
172,  188,  189,  192,  193,  455).  Their  slopes  ai-e  forested, 
their  valleys  tilled. 

Further  lowering  may  continue  until  the  mountains  are 
reduced  to  a  series  of  low,  rolling  bills ;  or,  further  still, 
to  a  surface  almost  as  level  as  a  plain.  Such  a  surface  is 
known  as  a  peneplain  (almost  plain)  (Fig.  171).  The  moun- 
tains are  tlien  old,  and  are,  like  plains,  adapted  to  dense 
settlement.  New  York  City,  Philadelphia,  Baltimore,  and 
Washington  are  situated  on  such  old,  worn-down  mountains. 
These  ancient  mountains,  known  as  the  Piedmont  belt,  extend 
from  New  England  to  Alabama,  east  of  the  Appalachians. 

After  being  worn  to  low  relief,  a  mountain  region  may  be  reele- 
vated,  and  caused  to  start  on  a  new  life  history,  as  has  been  the 
case  with  the  Appalacliians.  Then  deuudation  may  etoh  the 
ridges  of  hard  rock  into  relief  again,  and  form  broad  valleys 
where  the  strata  are  weak  (Figs.  172, 173, 192, 193).    The  broad 


Fio.  16S.  —  A  ragged  cllfl,  ridge,  and  peftk  In  tbe  Alps,  carved  out  by  tbe 
deoudfitioD  in  tbaas  foaog  moimtaiDB.    The  house  la  »  summer  ho 


summer  hotel  tor 


Flo.  171.  — Thenplftnd,  or  "  peneplain."  of  New  England;  ft  worn-down  mona- 
taln  region,  nplilted  ae>ln  ho  that  the  ntreanis  have  had  new  power  given 
them  (re]QTenftted).  This  haa  enabled  the  streBms  to  link  their  TtUleyi  into 
Uia"p«DeplaIn." 


Fra.  1T3.  —To  111ostnit«  tbe  origin  of  the  Appalachiaa  rldgeB.  The  monDtalns 
were  worn  dowa  to  low  relief,  tm  In  tbe  left-hand  figure  ;  then,  after  uplift, 
the  rfdgea  were  etched  out.  The  streams  crosaiDg  tbem  bsve  cut  water 
gapa,  while  hroad  valleys  have  been  developed  between  tbe  ridges  In  the 
we«kM  etntls. 


Fia.  174.  —  The  lefl-hand  £gare  showB  two  aDticllnal  ridges  eacb  cut  into  tor  a  short 
distance  by  a  stream.  As  the  straams  cut  deeper  and  grow  longer,  they  reach 
below  a  hard  layer  (Uie  darkest  one  in  the  diagram),  which,  because  of  its 
hardness,  is  left  standing  as  a  ridge  on  each  side  of  the  valley  (right-hand 
figure).  The  law  of  monoclinal  shifting  will  cause  these  ridges  to  retreat 
awa;  from  the  stream,  thus  broadening  the  valleys  In  the  anticlines,  and  at 
the  tame  time  narrowing  the  synclinal  valleys.    (See  also  Fig.  1T9.} 


[o.  ITS.  — In  (he  left-hand  figure  a  stream  heads  on  a  divide  and  flows  In  a  short 
course  toward  the  right  to  the  sea.  This  steep  slope  gives  it  power  to 
gradually  eat  backward  until  it  reaches  a  stream  having  a  long,  ronndabout 
course  to  Ihe  nea.     It  then  captures  the  stream  and  leads  it  out  to  the  sea  by 

the  shorter  course,  as  shown  In  the  right-hand  figure. 


FiyK.  174,  175.  177,  ITS.  ai 
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talleys  are  well  settled  (Fig.  466),  but  the  ridges  are  too  rough 
and  rocky  for  farming,  and  are  often  timber-cove I'ed  (Figs.  86, 
467),  Where  atreams  leave  the  broad  valleys  to  cross  the  ridges 
of  hard  rock,  they  flow  in  narrow  gorges,  or  water  gaps  (Figs.  178, 
463, 467),  because  thei-e  has  iiot  been  time  for  weatherlog  to  broaden 
valleys  in  so  hard  strata. 

Stmutury.  — A»  mountains  rise,  the  eff&ii  of  detmAatitm  increases, 
and  young  Tnouniains  are  therefore  made  very  nigged.  Mature 
vtountains  liave  been  lowered  and  the  valleys  broadened;  and  old 
mountains  are  stUl  further  lowered,  and  perhaps  even  reduced  to 
a  peneplain.  Uplift  aUows  denudation  to  again  etch  the  hard  strata 
into  relief, 

74,  The  Drainage  of  Hoantaios.  —  In  early  stages,  in  eon- 
Bequence  of  the  slopes,  numerous  short  streams  flow  down 
the  mountain  sides  in  gorges  ;  and  longer  streams  follow  the 
broad  valleys  between  the  mountain  folds.  Here  and  there 
the  main  streams  cut  deep  gorges  across  low  points  in  the 
folds  (Fig.  168).  In  such  consequent  mountain  drainage 
there  are,  at  first,  numerous  lakes  held  up  by  the  mountain 
dams.  These,  however,  are  soon  filled  with  sediment  brought 
by  the  mountain  torrents.  A  slight  renewal  of  mountain 
movement  may  warp  the  valleys  and  form  new  lake  basins 
(Fig.  296).  Some  of  the  Alpine  lakes,  such  as  Geneva,  are 
thus  explained. 

If  the  elevation  of  the  land  ceases,  the  valleys  pass  through 
the  stages  of  youth,  maturity,  and  old  age.  But  the  great 
elevation,  and  the  hard  and  complex  nature  of  the  mountain 
rocks,  make  the  life  history  of  a  river  valley  in  mountains 
longer  than  in  plains  and  in  most  plateaus. 

The  wearing  away  of  the  weak  i*ocks  leaves  the  hard  strata 
standing  as  divides  (Figs.  38,  154,  169),  As  the  surface 
slowly  wears  down,  the  divides  still  remain  on  the  more 
durable  strata.  These  mountain  strata  usually  incline,  or 
dip ;  and,  as  they  are  slowly  worn  away,  their  crests,  that  is 
the  divides,  not  only  become  lower,  but  shift  to  one  side 


104 


NSW  PHYBICAL  OEOURAPHT. 


(Fig.  176).  This,  called  the  law  of  monoelinal  »h\ftijiff,  may 
be  stated  as  follows ;  A»  denudation  lowert  a  region  of  inclined 
Itrata,  the  divide  migrates  in  the  direction  of  the  dip. 

Mountaia  divides  may  migrate  for  other  reasons  (Figs.  175, 
177,178).  Thus,  two  streams  heading  on  the  same  divide 
are  constaQtly  bat^ 
tling  for  drain- 
age area,  and 
the  stronger  one 
pushes  the  divide 
back  into  the 
territory  of  ita  op- 
ponent. If  it  suc- 
ceeds in  robbing 
its  opponent  of 
its  headwaters,  it 
is  called  a  river 
pirate.  There  are 
various  reasons 
why  one  stream 
may  have  more 
power  than  another :  one  may  have  more  rainfall ;  or  it  may 
have  a  shorter  and  steeper  slope ;  or  it  may  have  only  weak 
strata  to  remove  while  its  opponent  struggles  with  hard  strata. 

There  are  numerous  illustrations  of  such  migration  of  divides. 
In  the  Catskills,  for  example,  the  streams  descending  the  steep 
eastern  slope  to  the  Hudson  have  pushed  the  divide  backward  and 
captured  the  headwaters  of  streama  that  have  a  long,  gentle 
slope  (Fig.  177).  The  Appalachian  rivers  —  the  Potomac,  Sus- 
quehanna, Delaware,  etc.,  —  which  cross  ridge  after  ridge  (Figs,  172, 
192),  are  believed  to  have  slowly  eaten  their  way  across  the  moun- 
tains by  headwater  erosion  and  river  capture.  Wind  gaps  of  the 
Appalachians  are  also  caused  by  river  capture  (Fig.  178). 

Snmmary.  —  Coneequent  vionntain  streams  flow  down  the  moun- 
tain sidee,  aiong  the  valleys  of  folding  and  across  the  ridges.     Tliey 


Pio.  ITS.  —  To  illUHtraU  th«  migration  of  divides.  A 
hard  Uyer  A  tormii  a  divide  ridge.  When  the  »ur- 
ttxe  has  be«D  worn  donm  to  the  line  CC  (upper 
^ure)  the  ridge  A  nill  have  migrated  to  the  right, 
M  shown  in  the  lower  figure.  See  also  Figs.  Vli,  179. 


Fio.  177.  —  Tbe  headwaters  of  a  Iribatsry  (left-band  figure)  rise  on  a  highland 
aod  flow  a  long  dlBtance,  Id  a  roondabout  coarae.  te  reai^h  ihe  malD  Btre&m. 
Two  short  gtreama  head  In  the  same  r^lou,  but  How  In  steep  courses  to  the 
maia  stream.  This  gives  them  power  to  eat  baok  at  the  divide  and  rob 
tbe  long  tributary  of  some  of  its  headwaters  (right-hand  figure).  Thlscondl- 
tlon  U  somewbat  like  that  In  the  Catskills.  Note  that  tbe  tributaries  of  the 
c«ptat«d  Itreauu  join  In  barb  (asbioe. 


Flo.  ITS.  —  In  the  left-hand  figure  two  streams  cross  a  mountain  ridge  ol  hard 
rock.  A  tributary  of  the  upper  one  heads  back  nearly  to  the  point  where  the 
lower  one  turns  to  cross  the  ridge.  For  some  reason  (perhaps  greater  volume) 
tbe  upper  stream  has  more  power  to  cut  into  tbe  ridge,  thus  deepening  lis 
Talley.  This  gives  to  its  tributary  a  slope  which  permlla  It  to  gradually  eat 
backward  until  It  taps  tbe  lower  stream,  drawing  it  off  through  the  upper 
water  gap-  This  leavee  a  wind  gap  where  tbe  lower  stream  [ormerlv  crossed 
the  ridge  (right-hand  figure). 


Tia.  1T9.  —  The  process  of  monoclinal  shifting,  tllnstrated  in  Pigs.  1T4  and  ITS,  Is 
carried  farther  In  this  diagram.  In  the  npper  diagram  there  are  four  Htreams, 
A,  B,C,  and  D;  A  and  C  in  small  valleys  In  the  anticlines,  B  and  D  In  broad 
synclinal  valleys  caused  by  down  folding.  They  are  consequent  on  the  moun- 
tain form.  In  the  middle  figure  there  is  little  change,  excepting  that  the  anti- 
clinal valleys  have  been  lengthened  and  deepened,  this  being  possible  becanM 
they  are  so  high  that  the  strctuns  have  much  power,  while  the  synclinal 
streams  are  held  back  In  their  work  by  lakes  (not  shown  here)  and  haid 
strata.  The  lower  figure  represents  a  much  later  stage.  In  which  the  surface 
has  been  greatly  worn  down.  Monoclinal  shifting  has  pushed  the  divides 
away  from  ihe  anticlinal  streams  (Fig.  1T4),  therefore  broadening  (heir  valleys 
■nd  narrowing  the  synclinal  valleys.  This  has  robbed  the  synclinal  streams  of 
water,  and  consequently  weakened  them,  while  tt  has  increased  the  power  of 
the  anticlinal  alrearos.  As  a  result,  the  conditions  have  been  reversed  from 
the  first  stage,  and  the  anticlinal  streams,  A  and  C,  flow  in  broad,  deep  val- 
leys, while  the  synclinal  streams  are  In  hlgb,  narrow  valleys,  on  the  tops  of 
synclinal  raoontalns.    lostances  of  this  change  are  found  la  the  Appalachiaiu. 


Fio.  ISO.  —  Tbe  lower  Blopoa  of  Uie  Alf»  along  the  deep  Tklley  occupied  b;Lake 
Como.  TheM  ilopea  are  cultlTsted,  growing  olives  and  gnipea,  and  towns 
cllog  to  tbe  monntain  bau  wherever  Uiere  U  enough  level  Und,  Mpeclally 
on  the  itream  deltu  (Figs.  107,  297). 
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ore  liMy  to  be  {ntemipted  by  lakes.  Slowly  (Aey  pass  thxntgh  youth, 
matuTUy,  and  old  age,  unless  interrupted  hy  renewed  mountain  growth. 
7^  divide$  i^umge  position  by  the  law  of  monocliHol  shifting,  and  by 
headwater  erosion.  In  the  latter  case  the  more  favoroMy  situajted 
streams  capture  t/ie  headwaters  of  opponent  streams. 

75.  Settlement  of  Honatains.  —  The  soil  and  climate  of 
mountains  are  usually  unfavorable  to  agriculture,  and,  in  many 
cases,  absolutely  forbid  it.  Large  areas  are  even  unfit  for  the 
growth  of  forests.  For  these  reasons  mountains  are  usually 
sparsely  settled  (Figs.  157,  158,  188,  185). 

The  relation  of  mountains  to  settlement  Is  well  illustrated 
by  the  Alps,  which  rise  in  the  raidst  of  a  densely  populated 
land, —  Italy  on  the  one  hand,  France  and  Germany  on  the 
other.  If  we  were  to  cross  the  Alps  from  the  Italian  side, 
this  is  what  we  should  see  :  first  a  level  plain,  the  Po  valley, 
dotted  with  farms  and  villages,  and  densely  settled.  As  tlie 
land  becomes  irregular  in  the  foothills,  there  are  fewer 
people ;  and,  when  the  mountains  are  reached,  large  areas  are 
found  with  a  surface  too  rocky  for  cultivation  (Figs.  107, 
180).  Wherever  there  is  soil  enough,  however,  vineyards  and 
groves  of  olive  and  mulberry  trees  are  seen  on  the  valley  sides. 

Higher  up,  where  the  climate  is  cooler,  the  olive,  mulberry, 
and  grapes  no  longer  grow  (Figs.  153,  182).  There  small 
grain-fields  and  pasture  lands  are  interspersed  with  rocky 
cliffs  and  forested  areas,  in  which  the  chestnut  is  a  common 
tree.  Still  higher,  where  the  climate  is  that  of  the  cold 
temperate  zone  (Fig.  109),  evergreen  trees  prevail,  and  only 
the  hardiest  grains  can  be  raised.  Most  of  the  land  that  has 
soil  enough  is  used  as  pasture,  and  cows  and  goats  are  raised 
in  large  numbers.  Between  the  timber  line  and  the  snow 
line  there  is  an  area  on  which  no  crops  can  be  raised,  but 
where  the  pastures  support  herds  of  cows  and  goats  for  a 
month  or  two  in  summer  (Fig.  181).  Above  this  is  a  wild, 
dreary  mass  of  snow,  rock,  and  ice,  where  -no  one  can  find 
sustenance  (Figs.  157,  182, 183). 
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SunmuLTy.  —  MouniaiTia  are  sparselt/  settled.  Agriculture  map 
fiouTiah  at  the  base,  but  the  area  suitable  to  cultivation  becoinea 
smaller  Che  higher  one  goes,  and  the  dimate  more  and  more  unfavor- 
able, until,  at  the  snoto  line,  a  barren  area  of  snow  and  rock  ia 
reacfted  in  which  there  are  no  inhabitaiUs. 

76.  UountaliiB  as  Barriers.  —  Mountains  are  barriers  to  the 
passiige  of  animab,  plauts,  and  men.  On  a.  plain,  animals 
and  plants  spread  freely;  but  the  ruggednuss  and  coldness  of 
mountains  check,  and  in  many  cases  prohibit,  the  passage  of 
animals  and  the  spread  of  plants.  Even  the  passes  of  high 
mountains,  like  the  Alps,  have  deep  snow  until  summer. 

The  low  Appalachians  served  as  a  barrier  to  the  westward 
spread  of  the  early  colonists  (p.  308).     The  Alps  (p.  388) 
have  always  been  an   obstacle  to  man,  being  crossed  only 
with  difficulty  and  along  the  few  passes.     The  Himalayas 
(p.  388)  are  an  even  more  effective  barrier ;  and  the  Pyrenees 
are    so    excellent 
a   barrier    that 
they  serve  as  the 
boundary  line  be- 
tween  two   coun- 
tries.   Nanieotlicr 
cases  where  moun- 
tains     serve      as 
boundary  lines. 

In  the  past  cen- 
tury men  have  found 
means  of  reducing 
the  difficulties  of 
crossing  mountains. 
Fio,  Iftl.  — A  railway  crossinR  the  Andei  of  Pern.  Excellent  carriace 
Tliere  ate  threa  levels  here,  ne  In  ttie  St.  Gothard  ,  .  .  -f, 

raUway(Fig.lS6).  roads,     riSlUg     With 

gentle  slope  by  great 
sweeping  curves,  now  f^ross  the  principal  Alpine  passes  (Fig.  185). 
In  places  where  suow-sliJes  and  avalanches  are  common,  the  roads 
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are  covered  and  protected  by  avalanche  aheds.  Bailways  cross  even 
the  lofty  Rocky  Mountains  (Fig.  471),  Andes  (Fig.  184),  and  Alpa 
(Fig.  186).  They  pass  up  the  valleys  as  far  as  they  can  (Figs.  67, 
66),  curving  about,  first  on  one  eide,  then  on  the  other ;  crossing 
deep  gorges  by  lofty  bridges;  tunneling  the  rock,  even  by  curved 
tunnels;  and  finally,  when  it  is  no  longer  possible  to  climb 
higher,  pluinging  through  a  great  tunnel  Into  the  very  heart  of 
the  mountain.  The  St.  Gothai'd  tunnel  is  nine  and  one  fourth 
miles  long  J  the  Simplon  tunnel,  fai'ther  west,  is  even  longer. 

Somnury.  —  The  ruggedneas  and  coldness  of  mountains  maJce  them 
barriers  to  the  spread  of  plants,  animals,  and  Titan.  Now,  owing  to  the 
building  of  roads  and  railways,  mountains  are  far  leas  important 
barriers  than  formerly. 

77.  HooDtaina  as  Summer  Resorts.  —  The  cool  summer  climate 
and  the  wild  and  beautiful  scenery  attract  many  people  to  moun- 
tains. The  numerous  mountain  lakes  which  oifer  opportunities 
for  boating  and  fishing,  and  the  hunting  on  the  forestcovered 
mountain  slopes,  are  further  attractioua.  The  mountains  of  New 
England  (Fig.  189),  the  Adirondacks  (Fig.  188)  and  Catskills  of 
New  York,  and  the  Appalachians,  are  visited  each  year  by  large 
numbers  of  people.  But  in  winter  they  are  cold,  snow-covered, 
and  nearly  deserted. 

The  Alps,  the  wildest  and  most  beautiful  of  European  moun- 
tains, have  come  to  be  the  greatest  summer  resort  in  the  world. 
In  the  small  country  of  Switzerland,  which  is  only  one  third  the 
size  of  Pennsylvania,  there  are  thousands  of  summer  hotels.  At 
every  point  where  many  tourists  are  likely  to  go,  even  on  moun- 
tain trails  far  from  wagon  roads,  a  hotel  is  sure  to  be  found 
(Figs.  169, 183, 187).  In  the  height  of  the  season  m&st  of  these 
hotels  are  full  to  overflowing  with  tourists  from  all  parts  of 
Europe,  in  fact,  from  all  the  world.  One  of  the  leading  industries 
of  Switzerland  is  the  entertainment  and  care  of  these  visitors. 

Snmmoiy.  —  The  climate,  scenei-y,  boating,  fishing,  and  huniing 
aUmct  people  to  the  mountains  for  a  vaixUion. 

78.  MoimtainB  as  Timber  Reserves-  —Mountain  slopes  are 
80  often  UDSuited  to  agriculture  that  in  many jilacea  the  forest 
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remains  (Figa.  85, 188, 189).  About  one  fifth  of  the  surface 
of  Norway  is  forest-covered,  and  much  of  the  remainder  U 
either  too  high  or  too  rocky  for  trees  to  grow.  Tlie  moun- 
tains of  eastern  and  western  United  States  still  have  great 
timber  resources  and  are  the  seats  of  important  lumber 
industries. 

Smiiiiiary.  —  Mountains  are  important  limber  reserves,  becmise 
agriculture  has  not  demanded  t/te  removal  of  ttie  forests. 

79.  Mineral  Wealth  of  UouDtains.  —  The  Alps  have  little 
valuable  mineral ;  but  the  mountains  of  eastern  and  western 
United  States,  and  many  other  lands,  are  very  rich'in  mineral. 
In  the  West,  gold,  silver,  lead,  and  copper  are  most  impor- 
tant ;  but  zinc,  iron,  coal,  and  building  stones  are  also  found. 
In  the  mountains  of  eastern  United  States,  coal,  iron,  and 
building  stones  are  the  leading  mineral  products. 

The  presence  of  metal  has  attracted  many  people  to  mountain 
regions,  where  otherwise  there  would  be  only  a  sparse  population 
of  farmers,  herders,  hunters,  aud  lumbermen.     In  rugged  moun- 
tain    valleys,     and 
on    arid    mountain 
slopes,    cities   with 
thousands  of  inhab- 
itants have  quickly 
grown     up    around 
mining  centers. 
briDg  W  light  valattble  mineral  deposits.    The  "inoral  DeUS  ana 

black  layer  may  tspraBent  a  bed  of  coal.    I(  Uie      veins    are     revealed 
strata  were  horizoDlal,  It  might  be  deeply  buried;       by    folding    of    the 

valleys  m  the  moun- 
tain rocks  (Fig.  191).  Sometimes  they  are  preserved  from  erosion 
by  being  folded  down  in  the  synclines,  as  in  the  case  of  the  anthra. 
cite  coal  of  Pennsylvania  (Fig.  194).  This  was  formed  at  the 
same  time  aa  the  bituminous  coal  that  is  found  west  of  the  Appa- 
lachians ;  but,  during  the  folding  of  these  mountains,  the  pressure 


Ro.  19S.— Topographic  map  ot  Appnlacblaji  ridges  where  croBsed  bj  tbe  Sdb- 
qaeluDiiB  above  HaniBbnrg,  showing  the  broad  valleyi  aod  the  narrow, 
Meep4lded  water  gaps.    See  Figg.  172  and  1T8.    (Harrieba^  Sheet,  U.  8. 
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metamorphoseil  it  to  "hard"  or  anthracite  coal.  At  ScrantOD, 
Wilkes  Barre,  and  elsewhere,  the  anthracite  is  now  beiug  remoTed 
from  the  synclines  in  which  it  has  been  so  long  preserved. 


Snmnuay.  —  Mani/  mountains  contain  valuable  mineral  depotitt, 
which  attract  settlers.  Folding  and  erosion  help  to  revecd  these 
deposits;  and  sometimes  they  are  preserved  in  the  ayndinea. 

Topical  Outlike,  Questions,  and  Suooestions. 
Topical  Ootlime. — 64.  Introdoctory. — Influence  of  mountains  on 
settlement;  reasons  for  studying  about  mountains. 

65.  ThelloiutalnHockB.^ Position  of  rocks;  faulting;  folding;  com- 
plex folding ;  Appalachians ;  kinds  of  rock ;  effect  of  complexity. 

66.  Hamea  applied  to  Parts  of  Monntaina.  —  System  ;  range ;  cordillera ; 
ridge;  peak;  interior  basin ;  smaller  basins;  park;  water  gap;  pass. 

67.  Climate  of  Xountalns.  —  (a)  Temperatui-e :  normal  change ;  saow 
line;  timber  line;  variation.     (&)  Rainfall:  rainy  slopes;  arid  slopes. 

68.  Denodatlon  of  Konntalna.  —  (a)  River  erosion,  (ft)  Weathering: 
teasons  for  activity,  (e)  Talus:  cause;  form  produced  ;  change  to  farm 
land;  dibris  cones,  {d)  Avalanches:  size;  effects;  Simplon  avalanche ; 
cause,     (e)  Effect  of  denudation  on  laud  form. 

60.  Kewmblance  between  Honntains  and  High  Plateaus.  -^  Resemblance 
in  height;  in  ruggedness;  the  Catskills;  difference  from  mountains. 

70.  Distribution  of  Honntains.  —  In  open  ocean  ;  fringing  continents,  —  - 
»8  islands,  peninsulas,  and  continent  borders ;  in  interior;  direction. 

71.  Cause  of  Moantalns.  —  Contraction  theory ;  successive  uplifts ;  slow 
growth ;  absence  of  mountains  in  certain  sections. 

72.  Types  vt  Mountains.  —  Faulted  blocks;  domes;  regular  folds; 
eomplex  folds ;  cause,  characteristics,  and  examples  of  each. 

73.  Life  History  of  Konntains.  —  (□)  Young  mountains :  early  growth  ; 
aarthquakes;  volcanoes;  increasing  denudation;  valleys;  unfitness  for 
occupation;  examples,  (ft)  Mature  mountains:  broadening;  lowering; 
ezamplea;  fitness  for  occupation,    (c)  Old  mountains :  farther  reduction ; 


no  NEW  PHYSICAL  GEOGSAPBT. 

peneplftin;  settlement;  instaiipe;   Piedmont  belt,     (if)  Seiiewed  eleva- 
tion: Appalachians;  ridges;  broad  valleys;  settlement;  vater  gaps. 

74.  The  Diaiuage  of  Hountaina.  —  {«)  Consequent  drainage;  stream 
courses;  lakes.  (6)  Life  history — compare  with  plains,  (c)  Mono- 
clinal  shitting:  nature  of  process;  law.  (d)  Kiver  pirates:  battle  at 
headwaters;  favoring  conditions;  Catskilis;  Appalachians;  wind  gaps. 

75.  Settlement  of  Hountaina. —  (a)  Unfavorable  conditions.  Qi)  The 
Alps:  the  base ;  the  slopes;  above  the  timber  line;  above  the  snow  line. 

76.  HouDtAtiM  as  Barriers.  —  lleasons ;  instances ;  overcoming  bar- 
riers,—  roads,  railways,  tunnels. 

77.  Mountains  as  Summer Beaorts.  —  Attraction;  mountains  viuted  in 
eastern  United  States;  the  Alps;  importance  to  Switzerland. 

78.  Hountaina  as  Timber  Seserves.  —  Iteasoa^  for  forests;  instances. 
79-  Mineral  Wealtb  of  HoDDtains.  —  Alps;  the  West;  theJ^ast;  effect 

on  settlement;   effect  of  folding  and  erosion;  anthracite  coal. 
Questions.  —  04.  Of  what  importance  are  mountiiins  to  men? 

65.  What  is  the  position  of  the  mountain  rocks?  What  differences 
are  there  iti  the  folds?     In  the  rocks?     What  effect  baa  this  complexity? 

66.  What  are  the  following,  and  what  causes  each  :  mountain  system, 
range,  cordillera,  ridge,  peak,  interior  basin,  ]>ark,  water  gap,  and  pass? 

67.  What  is  the  snow  line?  The  timber  line?  How  do  they  vary? 
What  effects  have  mountains  on  rainfall? 

68.  Why  are  rivers  and  weathering  very  active  in  mountains?  What 
becomes  of  the  fragments  that  fall?  What  are  the  nature,  effects, 
and  causes  of  avalanches  ?    What  effect  has  denudation  on  mountains  ? 

69.  Compare  and  contrast  high  plateaus  and  mountains. 

70.  In  what  situations  are  mountains  found?  Give  illustrations. 
What  about  the  direction  of  mountain  ranges? 

71.  State  the  theory  of  contraction.     IIow  do  mountains  grow? 

72.  Give  four  types  of  monntains.  What  are  the  characteristics  of 
each?     How  do  they  differ?     Are  they  alike  in  any  respect? 

73.  What  happens  when  a  monntain  is  rising?  What  effect  haa 
denudation?  What  are  the  characteristics  of  young  mouiitAins?  Trace 
the  development  through  maturity  to  old  age.  Give  illuatrations  of  each. 
What  is  a  peneplain?  What  has  been  the  history  of  the  Piedmont  Belt? 
What  changes  have  occurred  in  the  Apimlachians? 

74.  Describe  the  consequent  drainage  of  mountains.  What  is  the 
normal  life  history?  What  causes  lakes?  How  does  the  law  of  mono- 
clinal  shifting  operate  ?  What  are  i-iver  pirates?  Why  do  they  succeed? 
Give  illnstraliona.     Explain  wind  gapi  (Fig.  178). 

75.  Why  are  mountains  sparsely  settled?  How  does  the  appearance 
of  the  Alps  change  from  base  to  summit?    How  do  the  occupations  vary? 

■ i_S'^ 
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76.  Why  are  mountainB  bnrriera  to  the  spread  of  aoimala  and  planta? 
Give  iUastrations.    How  are  these  barriers  now  overcome  by  menV 

77.  What  attracts  people  to  mountain!)?    Give  instances. 

78.  Why  is  there  much  forest  among  mountains?     Give  illustrations. 

79.  What  mineral  deposits  are  found  among  roouutains?  What  eSect 
have  mountains  in  revealing  and  protecting  mineral  deposits? 

Suggestions.  —  (1)  Slowly  dry  an  apple.  Notice  how  the  skin  wrin- 
kles as  the  inside  grows  smaller  throuj^h  the  evaporation  of  th»water. 
Compare  this  with  what  is  happening  in  the  earth.  (2)  Find  out  how 
the  tire  of  a  wagon  wheel  is  put  on,  find  why  it  fits  so  tight  (3)  Get 
a  metal  rod,  and  have  a  thick  metal  ring  made  just  too  small  to  fit  over 
it.  Heat  the  ring  red-hot  and  see  if  it  goes  over  the  rod.  Have  another 
ring  made  to  fit  the  rod  exactly.  Heat  the  rod  and  see  if  the  ring  will 
go  over  it.  What  does  this  show  ?  (4)  See  suggestion  for  covering  a  ball, 
given  on  page  99.  (5)  It  is  not  very  difficult  to  make  an  apparatus  for 
imitating  the  folding  of  rocks.  Of  one-inch  boards  make  a  long,  narrow 
box,  say  2  feet  long,  5  inches  wide,  and  8  inches  deep,  open  at  one  end 
and  the  top.  Place  four  or  five  thin  layers  of  wax,  differently  colored, 
on  the  bottom.  At  the  open  end  apply  slow,  steady  pressure,  best  obtained 
by  using  a  screw,  like  that  which  sets  a  vise,  fastened  to  a  board  that  just 
fits  into  the  end  of  the  box.  Before  applying  the  pressure,  place  over  the 
waxlayersenoughof  shot  to  nearly  fill  the  box.  After  pushing  the  layers  a 
few  inches,  remove  the  shot,  unscrew  one  side,  and  the  layers  will  show  fold- 
ing. A  simpler  experiment  may  be  made  by  taking  a  series  of  pieces  of 
thick  cloth  and  felt,  cutting  them  to  the  same  size,  and  pressing  them  up 
with  the  hand.  (6)  Is  your  home  among  mountains,  or  have  you  ever 
been  among  mountains?  What  is  the  nature  and  position  of  the  rocks? 
Do  the  mountains  rise  above  the  timber  line?  Are  they  young,  mature, 
or  old?  Are  they  well  settled?  Why?  Are  there  forests?  Mineral? 
Are  they  resorted  to  in  summer?    Why? 

Sefeience  Books.  —  Kino,  Mountaineering  in  the  Sierra  Nei-ada, 
Scribner's  Sons,  New  York,  1302,  (tl.W;  Lcbbock,  Scenery  of  Switzerland, 
Macmillan  Co.,  New  York,  181>t},  ^1.50;  Rvssell,  Si/uthern  Oregon,  4th 
Annual  U.S.  Geological  Survey,  p.  4-')5;  Takk,  Ph^icat  Geography  of 
New  York  State,  Chapter  111.  Macmillan  Co.,  New  York,  1902,  »3.50; 
Hates,  Phgsiographg  of  the  Challaixooga  District,  Part  II,  19th  Annual 
U.S.  Geological  Survey,  p.  9;  Willis,  The  Northern  Appalnchiant.  . 
National  Geographic  Monographs,  American  Book  Co.,  New  York,  1805, 
12.50;  Hatks,  The  Southern  Appalachians,  same;  Willis.  Mechanie$  of 
Appalachian  Slmdure,  Part  II,  13th  Annual  U.  S.  Geological  Survey,  p.  217. 
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VOLCANOES. 

80.  Graham  Island.  —  South  of  Sic=  '-  1831,  a  new  vol- 
cano was  born.  During  the  erjpkion  .  .  volumes  of  steam 
rose  into  the  air,  carrying  up  frac^-Deuts  of  lava.  The 
expansion  of  the  steam  in  the  mc.l  e<<  rock  caused  numerous 
cavities,  and  broke  the  lava  in*  —ous  ash  and 

pumice.     Some  of  the  lightest  as  .  ay  in  the  wind  ; 

much  of  the  pumice  was  light  ei  ,  float  on  the  water  ; 

but  many  of  the  heavier  fragmeiiL3_.l^li  back  near  the  outlet, 
building  a  cone  which  rose  200  feet  above  the  sea  and  bad 
a  circumference  of  almost  three  miles.  With  this  single 
eruption  the  life  of  the  volcano  seems  to  have  ended  ;  and 
soon  the  waves  cut  the  loose  ash  cone  away,  leaving  a  shoal 
to  mark  its  site. 

Other  volcanoes,  some  in  the  sea,  some  on  the  land,  have 
become  extinct  after  a  single  gasp ;  but  most  volcanoes 
have  a  longer  and  more  varied  life.  From  some,  ash  is 
always  erupted  ;  from  others,  streams  of  liquid  lava ;  and 
from  many,  now  ash,  now  lava.  Some  erupt  freely  and  at 
frequent  intervals ;  others  have  violent  outbreaks,  following 
long  periods  of  quiet.  These  difffrences  between  volcanoes 
may  best  be  illustrated  by  studying  a  few  typical  ones. 

Summary.  —  Qraham  Zeland  became  extinct  after  a  single  eruption 
of  ash  and  pumice,  formed  by  the  blowing  up  of  melted  Tock  by  i* 
eluded  steam.     Other  vdcajioes  have  a  much  more  varied  history. 
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81.  StTomboIL  —  Between  Sieily  and  Vesuvius,  m  the  Lipari 
lalands,  is  the  ever  active  volcano  Stroinboll.  It  is  a  small  coiie, 
about  6000  feet  from  bottom  to  tup,  half  its  height  being  above 
8ea  leveL  Steam  rises  from  a  crater  on  one  side  of  the  coue, 
and  the  steam  clouds  glow  with  light  from  the  melted  lava, 
which  always  stands  in  the  crater.  Every  few  minutes  the 
steam  erupts  masses  of  lava;  and  sometimes  there  is  a  mild  erup- 
tion which  throws 

pieces  outside  the 
crater.  The  cone 
is  made  of  such 
fragments. 

Summary. —  ,-. 
Stro}nboli  ia  a  vol- 
cano made  of  frag- 
menisqflava  th"^- 
ovt    by    mild    en.^  .  , 
tiona. 

82.  Eruptions 
of  190a  In  the 
West  Indies.  — 
On  the  8th  of 
May,    1902,    the 

beautiful  city  of  St.  Pierre,  in  Martinique,  was  wiped  out 
of  exibtence  by  a  terrible  volcanic  eruption  from  Mont  Pele 
(Fig.  197).  Between  25,000  and  30,000  people  were  killed 
in  a  few  seconds,  and  only  one  person  in  St.  Pierre,  a 
prisoner  in  the  jail,  escaped  death.  On  the  previous  day 
there  was  a  destructive  eruption  from  the  volcano  of  La 
Soufriere,  in  the  neighboring  island  of  St.  Vincent. 

The  last  previous  erup'-'^i  of  Mont  Pele  was  in  1851;  in 
1812  there  was  a  terrific  and  destructive  eruption  of  La 
Soufriere.  The  people  of  St.  Pierre  had  almost  forgotten 
that  danger  lurked  in  the  slumbering  volcano;  and,  though 
the  outbreak  of  1902  was  preceded  by  distinct  warnings. 
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few  heeded  them.  On  April  25  warm  water  was  re- 
ported in  the  old  crater  ;  later,  dust-laden  uteam  rose  from 
it ;  then  a  lake  rose,  overflowing  the  crater  rim  on  May 
5,  and  Bending  a  deluge  of  Lot  water  and  mud  down  a 
valley. 

On  the  8th  of  May  came  the  eruption.     A  huge  column  of 
steam,  expelled   with  great   force,  bore  heated   sulphurous 
gases,  dust,  ashes, 
and   stones   high 
in  the  air.     The 
eruption  was  not 
nearly  so  violent 
as     many     other 
eruptions ;      hut, 
owing  to  the  fol- 
lowing    peculiar 
condition,  its  ef- 
fect was  very  dis- 
astrous.    On  the 
side    toward    St. 
Pierre  there  was 
a    break    in    the 
crater  wall,  with 
a  valley   leading 
toward  the  city. 
Down  this  valley 
some  of  the  steam, 
with  its  load  of 
hot     rock     frag- 
ments and  gases, 
rushed  with  the  violence  of  a  tornado,  destroying  everything 
in  its  path.     It  overturned  trees  and  houses,  and  even  car- 
ried a  hollow  iron  statue,  11  feet  high,  a  distance  of  50  feet. 
Most  of  the  deaths  were  probably  caused  by  breathing  the 
steam  and  hot  ashes. 


Fio.  196.— The  ^ 


Fia.  198.  —  VkUe;  ot  the  Roxelane.  near  St.  Pierre,  u  it  appeared  Maj  22, 1903, 

—  the  trees  killed  and  tbe  surface  covered  with  yolcanlc  asb. 
(rrom  pholocniilu  luuad  by  E.  O.  nove^  of  Ibt  Ainarlcu  MuHum  of  Kttunl  Ulitotr.) 


Fio.  199.  —  Veaniias  from  Pompeii,  whose  ruins  or 
The  remnant  ol  Monte  Sommn  forms  the  ridge  ol 
entcoii«ofVeiuTiiiariaea  In  the  middle. 


Fia.  200.—  A  Htreet  to  Pompeii.  On  this  the  ruts  of  the  chariot  wheel*  DU17 
■till  be  plainly  seen.  AJb  complelrlr  covered  all  the  buildiogB  and  fluibd 
•vei7  onvlce  compactly.    Paru  of  the  city  ate  not  yet  nocoTend. 


VOLCANOES,  EARTHQUAKES,  AND  GEYSERS.        115 

There  have  been  several  later  outbursts,  all,  like  the  first, 
erupting  ash,  with  no  flowing  lava  aud  with  no  destructive  earth- 
quake shocks.  The  eruptions  have  built  a  cone  1500  to  2000  feet 
high  in  the  old  crater,  and  the  ash  has  fallen  over  the  whole 
island  (Fig.  198)  and  the  sea  round  about.  After  the  eruption  of 
June  6,  a  quarter  of  an  inch  of  ash  fell  upon  a  ship  over  100 
miles  from  the  volcano.  At  a  distance  from  the  volcano  the  ash 
deposit  is  thiu ;  but  on  and  near  the  cone  it  is  several  feet  deep, 
resembling  freshly  fallen  snow  During  each  eruption  the  con- 
densed steam  causes  heavy  rains,  which  wash  vast  quantities  of 
loose  ash  down  the  steep  slopes  in  destructive  mwd  flows.  Some- 
time—  no  one  can  foretell  when  —  the  eruptions  will  cease,  prob- 
ably to  break  out  again  when  energy  enough  has  accumulated. 

Summary.  —  In  May,  1902,  afler  a  long  period  of  quiet,  Mont 
Peli  and  La  Soufri^re  burst  forth  in  erujHione  of  ash,  causivg  much 
destruction.  There  have  been  mimerows  eriqitiotis  since  then,  and  vast 
quantities  of  volcanic  ash  have  been  throtcn  out  upon  the  islands  and 
the  sea  round  about.  Tfie  condensed  steam,  forming  rain,  has  washed 
muck  ash  down  the  volcano  side,  causing  mud  flows. 

83.  Vesavins.  —  At  the  beginning  of  the  Christian  era,  Vesu- 
vius, like  Pele,  had  long  been  inactive,  and  people  had  no  fear 
of  it.  It  had  been 
quiet,  or  dormant, 
for  centuries,  and 
was  not  even  rec- 
ognized as  a  vol- 
cano. Farms  and 
villages  dotted  the 

,        °        *     m      i         Pio.  201.  — Theform  of  Vesuvius,  or  Monte  Somms. 
slopes     Of     Monte  ^etore  7JI,  arcording  to  Straljo.     Only  a  part  o( 

Somnia(Fig.  201),  the  crater  rim  now  Btands  {Fig.  19B),  the  pteaent 

as   it   was   called,  """'    """  "" 

and  cities  were 
located  at  its  base.  In  the  year  79  it  broke  forth  in  a  ter- 
rible eruption  which  buried  the  farms  and  villages  beneath 
ash.  and  destroyed  Pom()eii  and  Herculaneum.       ^      ^,,j^. 


nearest  ua. 
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Before  the  emption  there  were  frequent  earthquakes,  one  of 
which  partly  destroyed  Pompeii ;  and,  finally,  a  terrific  explosion 
occurred  by  which  half  the  crater  wall  was  blown  away.  The 
ashes  rose  thousands  of  feet  in  the  air,  settling  on  all  the  country 
round  about.  The  naturalist  Pliny,  admiral  of  the  Roman  fleet, 
who  was  at  Misenum  (near  C.  Miseno,  Fig.  202),  started  toward 
the  mountain  and  lost  his  life.  Letters  of  Pliny's  nephew  to  the 
historian  Tacitus,  telling  of  the  death  of  hie  uncle,  are  the  only 
description  of  the  eruption  that  we  have. 


The  day  was  changed  to  the  darkness  of  night  hy  a  heavy  cloud 
of  ash ;  hot  ashes  and  stones  fell  all  about ;  the  air  was  filled  with 
sulphurous  gases;  the  ground  was  violently  shaken;  there  waa 
fierce  thunder  and  lightning;  and  the  cries  of  terror  from  the 
people,  who  rushed  madly  about,  added  to  the  din.  Thousands  of 
people  were  undoubtedly  killed,  though  there  is  no  record  of  the 
number,  nor  even  of  the  villages  destroyed. 

Pompeii  and  Herculaneum  have  been  discovered  and  partly 


-Tbe  ordinary  condUion  of  Vesaviai.    The  ImvB  In  the 


^otl<^U^' 


Fia.  30S.  —Hie  cone  ol  VMnvlna,  In  modenta  eraptlon,  July  9, 189S. 


Fio.  306.—  A  view  1dU>  tba  crater  ot  VeBuvioj.  TbU  pbologrspb  was  taken 
during  the  kbove  eruption,  when  Iba  lain  was  drawn  out  ot  tbe  craUr.  At 
ordinary  timea  llie  cntvr  ia  to  fliled  with  ateam  that  one  cannot  look  (ar 
down  Into  It. 


Fia.  VJl.  —  HoDte  Nuovo,  >  small  aah  cone,  at  tbe  head  o(  the  Quit  o 
(Fig.  202),  which  was  thrown  up  during  an  eruption  in  1538. 
erupted  Bioce,  and  its  slopes  are  now  cultivated. 


ta.  206.  —  Tlie  cniter  of  nnotber  toIcbdo  at  Pozzaoll,  also  szUnct.  Steatai'  ttid 
■nlphnroni  gases,  lormlng  sulphur  crystals,  still  rise  In  this  crater,  and 
TBgetatien  is  unable  to  grow  wbere  they  rise. 
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excavated  (Fig.  199).  From  these  excavatioDs  yre  leara  what  the 
life  of  the  Romans  waa  on  the  day  of  that  fearful  outbreak  neaily 
1900  years  ago.  The  houses  have  been  so  well  preserved  beneath 
the  ash  that  even  pictures  painted  on  the  walls  are  still  quite  per- 
fect, Ifia  a  wonderful  experience  to  walk  through  those  deserted 
streets  (Fig.  200),  and  to  see  how  the  people  lived,  and  what  they 
did,  as  if  they  had  left  but  yesterday.  Yet  it  is  a  picture  of  life 
almost^ at  the  time  of  Christ. 

Since  79  Vesuvius  has  had  many  eruptions,  some  violent, 
gome  moderate  (Fig.  205),  some  of  ash,  some  of  lava  (Fig. 
208).  The  remnant  of  old  Monte  Somma  still  stands  on  one 
side  of  the  present  cone,  which  rises  4200  feet  above  the  level 
of  the  Bay  of  Naples  (Fig.  202).  At  most  times  visitors  may 
go  to  the  very  edge  of  the  crater  (Fig.  206).  Standing  on 
the  side  from  which  the  wind  blows,  one  looks  down  into  a 
deep  hole,  out  of  which  vast  quantities  of  steam  rise  with  a 
roar,  bearing  sulphurous  gases.  Every  few  seconds  there  is 
a  Blight  explosion,  when  masses  of  red-hot  lava  are  thrown 
up,  often  higher  than  the  crater  wall.  At  night  the  lava 
in  the  crater  causes  a  glow  on  the  cloud  that  overhangs 
Vesuvius. 

Occasionally  the  volcano  grows  more  active ;  then  hot 
stones  rise  so  high  that  they  fall  on  the  crater  edge,  and  it  is 
unsafe  to  stand  there.  This  may  increase  until  the  stones 
fall  some  distance  beyond  the  crater.  The  small  cinder  cone 
that  surrounds  the  crater  is  made  of  these  loose  fragments. 

Now  and  then  lava  issues  from  the  cone,  flowing  in  a  great 
stream,  sometimes  clear  to  the  sea.  The  recent  flows  form 
great  black,  rugged  scars  on  the  volcano  side  (Fig.  204) ; 
the  older  ones  are  partly  decayed  and  covered  with  a  soil. 
There  is  an  observatory  on  the  slope  of  Vesuvius  in  which 
scientists  study  the  volcano  and  attempt  to  predict  eruptions. 

Vesuvivis  is  only  one  of  several  volcanic  cones  in  the  Bay  of 
Naples  (Figs.  207,  208).  The  famous  lake  Avernus  is  in  a  vol- 
canic crater;  the  island  of  Ischia  is  a  volcano  (Fig.  202)  j  and 
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there  are  several  others  in  the  same  region.  All  of  them  have 
been  long  extinct,  though  hot  water,  steam,  and  gases  still  rise 
in  some  places.  There  are  numerous  proofs  that  changes  in 
level  of  the  land  have  accompanied  the  volcanic  activity  of  this 
region  (Fig.  37). 

Summaiy.  —  In  theyear79,  after  being  long  dorjnant,  Vesuviua 
broke  foHh  in  violent  eruption,  partiaily  destroying  the  cone  and 
burying  Pompeii  and  Herculaneum,  wkic/i  have  been  well  preserved 
beneath  the  vokanic  deposits.  Since  then  Vesaoiua  has  hwl  many 
eruptions  of  ash  and  laca,  some  of  them  very  violent  Ordinarily 
it  IS  so  quiet  that  one  may  go  to  the  very  edge  of  Die  crater,  from 
which  steam  constantly  rises,  bearing  vptcard  masses  <^  lava.  In 
tlie  neighborhood  there  are  extinct  volcanoes. 

M.  Etna.  —  The  greatest  volcano  in  the  Mediterranean  is 
Etna,  on  the  eastern  end  of  Sicily.  Steam  rises  from  its 
crater  (Fig.  209),  and  every  few  years  there  is  an  eruption. 
Then  lava  issues  from  fissures  in  the  mouiitaiii  side  and  flows 
in  enormous  masses  down  the  slopes,  even  to  the  sea,  often 
destroying  villages  on  t!ie  way.  There  are  scores  of  small 
cones,  200  to  300  feet  high,  built  along  these  fissures  (Figs. 
209,  210). 

Etna  rises  10,S70  feet  above  the  sea,  and  at  its  base  has  a  cir- 
cumference of  over  CO  miles.  It  is  so  high  that,  although  oranges 
and  bananas  grow  at  its  base,  the  climate  at  the  top  is  frigid. 
This  great  cone  is  made  entii'ely  of  lava  and  ash  forced  out  from 
within  the  earth  by  steam.  The  recent  lava  flows,  those  only  a 
few  score  years  old,  are  barren  masses  of  black  rock  too  rough  to 
cross.  But  this  lava  decays  so  readily,  and  forms  so  fertile  a 
soil,  that  in  a  century  portions  of  a  flow  are  fit  for  cultivation. 
Soil  is  often  gathered  in  baskets  and  placed  between  the  lava 
blocks  for  the  planting  of  grapevines. 

Summary.  —  The  k'ige  cone  of  Etna  is  made  of  lava,  issuing 
inainly  as  great  Jlows  from  fissures  in  its  flanks.  This  lava  decays 
quickly,  forming  a  fertile  soil. 
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85.  Krakatoa.  —  For  a  century  the  small  volcanic  island  of 
Krakatoa,  near  Java  in  the  Straits  of  Sunda,  was  dormant. 
In  August,  1883,  it  broke  forth  in  the  most  terrific  erup- 
tion that  civilized  man  has  known.  A  large  part  of  the  cone, 
together  with  ash  from  below,  was  hurled  high  into  the  air, 
and  the  site  of  the  destroyed  cone  was  occupied  by  water  1000 
feet  deep  (Fig,  220).  Every  vestige  of  life  on  the  island  was 
destroyed,  and  its  surface  was  deeply  covered  with  ash. 

For  miles  around,  the  sea  was  so  thickly  covered  with  pumice 
that  the  movement  of  vessels  was  interfered  with.  The  finer  ash 
was  thrown  so  high  into  the  air  that  it  was  carried  all  round  the 
earth,  causing  brilliant  sunsets  in  Asia,  Europe,  and  America. 

So  violent  was  the  explosion  that  a  great  air  wave  was  started 
which  passed  three  times  around  the  earth.  Windows  were 
broken  100  miles  from  the  volcano,  and  the  sound  of  the  explo- 
sion was  heard  more  than  150  nailes  away.  A  water  wave  was 
also  caused  which  spread  all  over  the  Pacific,  being  measured  on  . 
the  coasts  of  Africa,  Australia,  and  Oaliforaia.  Near  the  volcano 
this  wave  washed  over  the  land  to  a  height  of  50  to  100  feet,  kill- 
ing 35,000  people. 

Since  then  Krakatoa  has  been  quiet.  It  may  have  become 
extinct ;  but  more  probably  it  is  only  dormant,  and  will  again 
burst  forth  when  the  pent-up  steam  once  more  gathers  suffi- 
cient energy  to  force  its  way  to  the  surface- 
Summary. —  After  a  cenUinj  of  quiet,  Krakaloa  burst  ftyrth,  in 
ISSS,  in  (Ae  most  violent  eruption  known.  Half  the  cone  wa«  bloton 
aicay;  axhfell  all  about,  and  was  carried  far  and  wide  by  the  winds; 
a  great  air  wave  passed  three  times  round  tlie  earth ;  and  a  water 
vxive  tpread  over  the  Pacific.    Since  then  the  volcano  has  bee}i  quiet. 

86.  Hawaiian  Volcanoes.  —  There  are  numerous  volcanic 
cones  in  the  Hawaiian  Islands  (Fig.  224),  most  of  them  ex- 
tinct. The  two  highest  are  Mauna  Loa  and  Mauna  Kea, 
which,  with  the  smaller  Kilauea,  are  on  the  island  of  Hawaii 
(Fig.  211).     This  island,  the  greatest  volcanic  mountain  in 
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the  world,  rises  nearly  14,000  feet  above  sea  level,  and  30,000 
feet  above  the  sea  floor. 

On  the  top  of  Manna  Loa  is  a  great  crater  two  or  three 
miles  in  diameter.    This  is  partly  frozen  over,  but  steam  rises 
from  cracks  in  the  surface,  and  in  one  part  there  is  a  lava 
lake,  from  which 
jets   or   fountains 
of  lava  rise,  some- 
times several  hun- 
dred   feet.       A 
similar    condition 
exists  in  the  crater 
of    Kilauea ;    but 
Mauna  Kea  is  ex- 
tinct.    Such    ex- 
tensive   cratera 
(Figs.    212,    213) 
are  called  calderaa. 
The  lava  slowly 
rises,  overfiowing 
the     crater     Qoor 
and  freezing  on  it 
(Fig.    212),   as 
water    sometimes 
flows  over  the  ice 
on   a   pond.     Be- 
fore the  lava  rises 
high  enough  to  flow  out  over  the  rim  of  the  crater,  its  weight 
and  the  steam  pressure  usually  open  a  Assure  in  the  moun- 
tain side  through  which   the  lava  is  drained   (Fig.   211). 
This  occurs,  on    the  average,  once   in   about   seven  years, 
and   no  violent   ash   eruptions    have    ever   been    recorded. 
The  fissures  are  usually  formed  above  sea  level,  but  some- 
times occur  beneath  the  sea.     Some  of  the  lava  streams  are 
30  or  40  miles  long  and  2  or  3  miles  wide. 


Pio.  212.  —  lATB  Uke,  trotaa  at  the  aaitnee,  in  the  crater  of  %  Hawaiian  volcano. 


Fia.  213.  —  Lava  lake  In  the  cratei  of  a  Havaliaa  yolciuio^;)<i|^> 


Fia.  21i.  —  Ht.  BhasU,  CnlllomU.   On  the  right  l«  91 

flanks  of  the  Dmln  Tolcano.    Both  these  cooes  are  eitlnct ;  but  Shasttna  still 
has  a  crater,  while  the  crater  of  Shasta  has  been  destro; ed  by  denudation. 


Fio.  215.--CTal«rlAke,  Oregon,  the  deepest  lake  tu  North  Anarioa.  Tli«llttl« 
Ulaod.  called  Wizard  Island,  Is  a  cone  bnilt  up  from  the  bottom  of  the  crater 
since  It  collapsed. 


Fio.  StO.  — Topognphla  map  of  CntM  I^ka.  NotlM  the  otfaar  BnuUlei  cntan 
and  conea  near  bf.  A  uctlon  thnniKh  the  moantaln,  along  the  line  AB,  la 
■homi  at  the  bottom.  (Crater  Lake  Special  Sheet,  U.  6.  Geological  Surrey 
Topographlo  Map.) 


Fio.  217.  —  Flowing  lava  Id  Hftwall,  I 


FiQ.  318.  — Lkvacasc&de,  BimiUr  to  theabove,  with  the  Ibts  cooled. 
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An  earthquake  shock  accompanies  the  opening  of  the  fissure, 
and  huge  volumes  of  steam  rise  from  the  glowiug  lava  that  rushes 
forth.  At  first  the  lava  Sows  rapidly  down  the  mountain  side ; 
but  it  soon  cools  and  solidifiea  at  the  surface  {Figs.  217,  218). 
Then  the  movement  becomes  much  slower.  The  frozen  crust  is 
broken  and  rolled  along  by  the  movemeut  of  the  lava  beneath, 
and  liquid  lava  may  burst  through  the  solid  front  at  any  point 
The  lava  front  advances  for  weeks,  always  more  and  more  slowly, 
and  years  may  pass  before  it  entirely  cools. 

Snmnury.  —  Hawaii,  the  greatest  volcanic  mountain  in  the  world, 
has  ttvo  active  volcanoes  with  huge  craters,  or  calderas.  In  these  are 
lava  lakes  inhich  steadily  rise,  once  in  about  seven  years  being  drained 
through  Assures  in  the  mountain  sides.  The  lava  at  first  Jlowa  rap- 
idly;  but,  as  it  cods  on  the  surface,  its  rate  offloxo  is  chedced. 

87.  Ht.  Shasta  and  Lassen  Peak. — This  extinct  volcano 
(Fig.  214),  whose  elevation  is  over  14,000  feet,  resembles 
£tDS  in  form.  From  its  snow-covered  top  small  glaciers 
descend  into  the  higher  valleys,  and  on  its  flanks  is  a  later 
coae. 

South  of  Shasta  is  the  extinct  cone  of  Lassen  Peak,  and  near 
its  base  an  ash  cone  about  650  feet  high  (Fig.  235).  The  size  of 
trees  that  have  grown  in  the  ash  indicates  that  it  was  erupted 
about  200  years  ago.  A  still  later  lava  eruption  has  dammed  a 
stream,  forming  Snag  Lake,  in  which  are  snags  of  trees  killed 
by  the  rise  of  the  water.  It  seems  probable  that  this  lava  flow  is 
not  much  over  a  century  old.  There  are  other  recent  lava  flows 
in  various  parts  of  the  West. 

Sommary.  —  Shasta  is  a  lofty  extinct  volcano;  but  at  Lassen 
Peak,  near  its  base,  there  have  been  recent  eruptions  of  ash  and  lava. 

88.  Crater  Late.  ^ — Another  extinct  volcano  in  western  United 
States  is  occupied  by  Crater  Lake  in  Oregon.  This  lake,  which 
is  about  2000  feet  deep,  lies  in  a  huge  crater,  or  caldera  (Fig. 
216),  between  3000  and  4000  feet  in  depth,  and  about  6  miles  in 
diameter.  It  has  been  proved  that  a  lofty  volcano  (Fig.  219) 
lose  where  the  caldera  now  stands.    The  removal  of  lava  from 
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beneath  the  cone  allowed  it  to  collapse,  forming  the  caldera,  in 
which  a  later  eruption  has  built  a  small  ash  cone  (Fig.  215). 

Summary.  —  Ou- 
ter Lake  occapiet  a 
huge  crater,  or  cal- 
dera, formed  by  the 
draining  off  of  lava 
from  beneath,  cant- 
ing the  cone  to  cot- 


89.  Hateriala  Enipted.  —  Every  volcanic  eruption  is  accom- 
panied by  vast  quantities  of  steam,  and  smaller  amounts  of 
sulphurous  and  other  gases.  These  gases  are  commonly 
called  "smoke,"  and  the  glow  of  light  reflected  from  the 
melted  lava  is  popularly  termed  "flame." 

If  the  eruption  is  moderate,  melted  rock  usually  flows  out, 
and,  in  cooling,  forms  laoa  flowt  (Figs.  217,  218).  Expan- 
sion of  steam  in  the  pasty  lava  makes  many  small  rounded 
cavities,  especially  near  the  top ;  and  tlie  surface  is  broken 
by  the  movement  of  the  lava  after  a  crust  has  been  formed. 
In  violent  eruptions  the  expansion  of  the  steam  blows  the 
lava  to  pieces,  forming  scoria,  pumice,  and  ash.  These  are 
BO  light  and  porous  tliat  they  float  in  water,  and  the  fine 
ash  even  remains  suspended  in  the  air. 

Lumps  of  lava  thrown  into  the'  air,  cooling  in  oval,  twisted 
masses,  ai-e  known  as  vokanic  bombs  (Fig.  2.36).  They  vary  from 
a  few  inches  to  many  feet  in  diameter.  During  eruptions  the 
condensation  of  the  steam  causes  heavy  rains,  accompanied  by 
vivid  lightning.  The  rain  often  washes  down  much  loose  ash, 
forming  mud  Jlowa. 

Samnuuy.  — Sleam  and  other  gasen  accompany  all  volcatdo  erup- 
tions. I^va  comes  from  moderate  eruptions;  ash,  pumice,  and 
scoria  from  violent  ones.  Volcanic  bombs  are  also  thrown  out;  and 
i-ains  wash  doum  the  ash,  forming  mud  Jlows. 

■  ■■ .Coo>;Ic 
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90:  The  Forms  of  Volcanic  Cones.  —  A  volcano  is  a  conical 
peak  with  a  crater  at  tlie  top.  If  the  eruptions  are  of  ash  the 
cone  is  steep,  because  the  fragments  th&t  fall  back  near  the 
vent  have  a  slope  as  steep  as  loose  ash  will  stand  (Fig,  221). 
On  the  other  hand,  cones  made  of  flowing  lava  are  broad  and 
have  a  low' slope  (Fig.  221).     (Compare  Figs.  223  and  224.) 

One  reason  for  these  differences  is  that  lava  flows  away  as 
a  liquid;  anotlter,  that  some  of  it  starts,  not  from  the  top, 
but  from  fissures  on  the  slopes  of  the  cone  (Figs.  210,  211);  . 
and  s  third  that  it  all  remains  on  the  cone,  while  in  ash 
volcanoes  a  large  part  is  drifted  away  by  the  winds.  When 
the  material  is  now  ash,  now  lava,  as  in  Vesuvius,  the  cone 
has  a  slope  intermediate  between  that  of  lava  and  ash. 

The  crater  of  a  volcano  may  be  so  large,  perhaps  from  one  to 
five  miles  in  diameter,  as  to  deserve  the  name  caldera.  In  addi- 
tion to  the  caldei-as  of  the  Hawaiian  Islands  (p.  120)  and  Crater 
Lake  (p.  121),  there  are  calderas  in  Italy,  the  Eifel  district  of 
Germany  (I'ig-  225),  and  othei-  places.  The  craters  on  the  moon 
(Fig.  14)  are  enormous  caideras.  Calderas  may  be  caused  either 
by  collapse  of  the  cone,  or  by  violent  explosions  which  blow  the 
top  of  the  cone  away.  In  some  cases,  as  in  Krakatoa  (Fig.  220), 
explosions  wreck  the  cone  and  make  it  irregular. 

Snmmary.  —  Ash  cones  liace  a  steep  slope,  vrliile  lava  cones  are 
broader  and  more  gentle  in  slope.  Cones  cottsisting  of  both  ash  and 
lava  have  a  slope  between  the  two.  Calderas  are  huge  cr<Uers  caused 
either  by  the  collapse  or  by  the  blowing  atvay  of  the  tops  of  cones. 

91.  Distribntion  of  Volcanoes.  —  There  are  thousands  of 
volcanic  cones,  only  about  300  of  which  are  known  to  be  active. 
The  great  majority  of  these  cones  are  in  or  near  the  sea. 
far  the  greatest  number  being  in  the  mountains  and  islands 
which  partly  encircle  the  Pacific  Ocean  (Fig.  222). 

The  many  lofty  cones  in  the  Andes,  Central  America,  and 
southern  Mexico  are  in  this  belt.  Associated  with  it  is  the  vol- 
canic belt  of  the  Lesser  Antilles,  500  miles  long,  in  which  Mont 
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Pel^  and  La  Soufn^re  are  situated.  Most  of  the  islandB  of  the 
Lesser  Antillee  are  volcanic.  Ftoiu  Mexico  northward,  through 
western  United  States,  are  hundreds  of  volcanic  conea,  all  either 
dormant  or  extinct  Among  the  best  known  of  these  are  ML 
Banier,  Mt.  Shasta,  Mt.  St.  Helens,  and  Mt.  Hood. 

The  Aleutian  Islands,  which  inclose  Bering  Sea,  form  a  volcanio 
chain  1600  miles  long,  including  57  volcanoes,  some  of  which  are 
very  vigorous.  From  Kamchatka  southward,  along  the  Kurile, 
Japanese,  and  Philippine  islands,  there  is  another  groat  chain  of 
volcanoes.  The  East  Indies  have  numerous  active  cones,  and  this 
chain  swings  down  to  New  Zealand. 

Practically  all  the  small  islands  of  the  open  Pacific  and  Indian 
oceans  are  volcanoes.  Even  the  coral  atolls  are  volcanic  cones 
with  a  veneer  of  coral. 

There  are  volcanic  areas  in  the  continents  of  Europe,  Asia,  and 
Africa,  including  a  line  extending  from  central  Africa  to  Asia 
Minor;  also  Mt.  Ararat;  volcanoes  in  the  Caucasus  Mountains; 
and  a  number  in  the  Mediterranean  near  Greece,  and  in  and  near 
Italy. 

The  islands  of  the  open  Atlantic  are  volcanic,  and  some  of 
them  are  active.  Iceland  has  a  number  of  volcanoes,  some  of 
which  have  had  terrifie  eruptions.  The  Faroe  Islands  are  ancient 
volcanoes,  and  there  were  formerly  volcanoes  in  the  British  Isles. 
In  the  Azores  Islands,  which  are  all  volcanic,  there  are  hundreds 
of  cones  (Fig,  226),  some  of  which  were  in  eruption  during  the 
last  century.  The  Bermuda  islands  are  a  coral  group  on  a  vol- 
canic cone.  The  Cape  Verde,  Canary,  and  other  islands  farther 
south,  including  St.  Helena,  the  prison  home  of  Kapoleon,  are  all 
volcanoes. 

In  spite  of  the  great  numbers  of  cones,  they  are  really  ex- 
ceptional land  forms.  By  far  the  greater  part  of  the  earth's 
surface  is  now  free  from  volcanic  action;  and  large  areas 
have  never  been  disturbed  by  eruptions.  In  other  places, 
as  in  eastern  United  States,  central  France  (Fig.  227),  and 
the  British  Isles,  vulcanic  action  long  ago  died  out.  Both  at 
the  present  time  and  in  the  past,  volcanic  activity  haa  been 
associated  with  mountain  growth. 

■ i_^■^ 


Flu.  22U.  —  llie  hall  o(  Krakatoa  lett  after  the  etaption. 


Fia.  221.  —  The  slopes  of  two  TolcanoeB,  one  ash  (dottsd) ,  the  other  lava.  The 
latter,  represeoted  by  the  continuous  line,  ma;  be  considered  to  be  Mauoa 
Loa.  Not  only  U  the  ash  cone  steeper,  but  It  contains  much  less  material, 
because  ae  much  has  been  drifted  av-ay  by  winds  and  ocean  ci 
also  Figs.  323,  224. 


ei 
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Fia.  22T.  —  Volcaoic  peaks  In  tbe  Auverftne  region,  a  volranlc  reK'oi  <"  oenlral 
Pnnce.  The  i>esks  on  whlrh  the  biiildftiK"  are  situated  are  remaaata,  or 
necki,  □(  volcanoes  parti;  dettrojed  hy  denudalloo. 
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Somniaiy.  —  27ie  majority  of  volcanoes  are  in  or  near  the  tea, 
the  greaUtt  belt  being  in  the  chain  of  mountains  and  islands  which 
partly  encircle  the  Pacific.  There  are  many  volcanic  islands  in  the 
open  Pacific,  Indian,  and  Atlantic  oceans,  and  in  the  Mediterranean. 
Volcanoes  are  exceptional  land  forma.  They  have  never  been  present 
in  some  places  aitd  have  become  extinct  in  others. 

92.  Cause  of  Volcanoes. — The  immediate  cause  for  a  volcanic 
eruption  is  undoubtedly  the  explosive  force  of  pent-up  steam. 
It  is  believed  that  this  steam  is  caused  by  water  that  perco- 
lates down  to  the  melted  rock.  As  it  slowly  accumulates,  it 
fmally  gains  force  enough  to  push  its  way  to  the  surface  and 
carry  some  of  the  melted  rock  with  it. 

It  is  probable  that  the  folding  of  the  mountain  rocks 
squeezes  the  lava  upward  until  it  reaches  places  so  near  the 
surface  that  water  is  able  to  enter  it  and  force  it  the  rest  of 
the  way.  FaiUta  formed  during  mountain  growth  furnish 
pathways  for  the  rise  of  this  lava. 

When  mountains  stop  growing,  volcanic  activity  dies  out.  For 
this  reason  western  United  States,  which  in  the  last  geological 
period  was  a  region  of  intense  volcanic  activity,  is  now  almost,  if 
not  quite,  free  from  active  volcanoes.  There  may  yet  be  eruptions 
in  the  West;  but  unless  there  is  a  renewal  of  mountain  growth, 
these  eruptions  will  probably  not  be  numerous. 


?■.—  Water,  descending  from  tlie  surface,  comes  in  contact 
with  melted  rock,  probably  squeezed  vpward  during  mauntain  folding. 
This  forms  steam  and  forces  the  lava  to  the  surface,  ojlen  along 
favUs.     When  mountain  growth  ceases,  volcanic  aaivity  diet  out. 

93.  Lava  Floods.  - —  In  western  United  States,  in  addition 
to  volcanoes,  there  were  great  lava  floods  which  escaped  from 
fissures  and  deluged  the  surrounding  country.  They  were 
perhaps  squeezed  out  as  a  result  of  mountain  growth,  some- 
what as  water  rises  through  a  crack  in  the  ice  of  a  frozen 
pond.  The  greatest  of  these  floods  was  in  the  valley  of  the 
Snake  and  Columbia  rivers  (Fig.  476),  mainly  in  Oregon, 
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Idtiho,  and  Washington,  where  an  area  of  fully  200,000  square 
miles  is  covered  with  lava.  By  these  lava  floods,  which  ex- 
tended up  valleys  and  surrounded  mountains,  aa  lake  water 
does,  an  irregular  land  surface  was  changed  to  a  great  lava 
plateau.  Deep  canyons  show  a  depth  of  3000  to  4000  feet 
of  lava,  layer  on  layer.  In  some  places,  as  in  the  Cascade 
Ranges,  hlocks  of  this  lava  have  been  broken  and  tilted  to 
form  mountains. 

Throughout  the  Far  West  there  are  other  instances  of  lava 

floods,  for  example,  in  the  Yellowstone  Pai'k.  Similar  floods 
have  been  formed  in  other  parts  of  the  world,  as  the  plateau 
of  the  Deccan  in  India,  which  in  extent  rivals  the  Columbia  lava 
plateau. 

At  present  such  lava  floods  are  nowhere  issuing  from  the 
earth.  The  nearest  approach  is  in  Iceland,  where  lava,  well- 
ing from  fissures,  has  built  a  broad  plateau.  When  such  a 
fissure  is  partly  closed,  leaving  only  one  or  two  places  for 
the  lava  to  escape,  volcanic  cones  are  built  along  it.  This 
accounts  for  some  of  the  chains  of  volcanic  cones. 

Summuy.  —  Qreat  lava  floods,  rising  through  fissures,  and  per- 
haps  squeezed  out  by  mountain  groiDth,  hace  deluged  large  areas 
of  country  in  wealei-n  Untied  Slates  and  other  regions.  Iceland 
has  the  nearest  approach  to  this  condition  at  present.  Tlie  dos- 
ing of  most  of  a  fissure  allows  the  formation  of  a  line  of  volcanic 

94.  Lara  IntruBlouB.  —  Kot  all  the  lava  that  starts  toward  the 
surface  reaches  it.  For  example,  when  eruptions  cease,  the  vent 
of  a  volcano  becomes  filled  with  solid  lava.  Tina  is  called  the 
volcanic  neck  or  plug  (Figs.  34,  227,  231).  The  long,  narrow  sheets 
iilliug  the  fissures,  through  which  lava  escapes  on  the  flanks  of  a 
volcano,  are  called  dikes  (Fig.  34).  In  the  neighborhood  of  volca- 
noes, similar  dikes  are  intruded  into  the  rocks  (Fig.  232)  deep  in 
'the  earth.  These  and  other  forms  of  intruded  rocks  are  brought 
to  light  by  denudation. 


Fio.  32n.  — Ht.  Tom,  HasaacbuBetts,  n  ridge  formed  by  a  sheet  ol  lava  thftt 
WM  iDtrnded  Into  the  saadatone  strata  several  geologleal  a^ea  a^  then 
tlltad  and  Torn  Into ItB preseat  moantain  farm.  '"    <>'" 


Fio.  330.  — Cnlumiia  caused  by  the  ]o<nl[Qf;otRn  iticleDt  «heet  of  l>Tk  at  Uianl'a 
'  Caosenay,  Iceland.    ThecolumDar  jointing  Uthereanlt  of  the  breaking  ot  ths 
Uta  as  it  cooled,    (aee  Fig.  228.) 


Fia.  231.  — HatoTepes,  Wyoming,  a  toIcbdIc  neck  or  plug.  All  lliaotbBrm»- 
t«rlal  bat  been  removed  by  denudation,  leaving  the  bard  lava  plug  atand- 
Ing  above  the  turrouoding  couutry.    <See  alio  Fig.  227.) 
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Sheets  of  lava    |  ^^^-    '        ''     ""        '         '^    ^^      ^"'^ 

have  been  iotruded 
between  strata  (Fig. 
34).  Such  intruded 
sheets  or  sills  fre- 
qiieutly  have  a  well- 
developed  jointing, 
which  causes  them 
to  break  in  columns, 
usually  with  five  or 
six  sides  (Fig.  230). 
The  Palisades  of 
the  Hudson  (Fig. 
228),  Mts.  Tom  (Fig. 
:J29)  and  Holjoke, 
Massachusetts,  East 
and  West  Rocks  at 
New  Haven,  Con- 
necticut, the  trap 
mountains  near  Or- 
ange, New  Jersey, 
and  the  lava  sheets 

in   many  other  re-        _     ~„     ™^     ^,    , , 

,  ■'  ,     ,  Fio.  232.  —  Dlk«a  (black)  croasiug  a  graniu  rock. 

gions  have  reached 

their  positioQ  by  intrusion  into  the  strata  '-'     f^ 

A  large  masfs  of  intruded  lava  which  raises  the  strata  to  form  a 

dome  is  called  a  laccolith,  or  rock  lake  (Figs.  164,  233).     Irregular 

masses  of  intruded  lava  form  bosses  (Fig.  34),  often  made  of  granite. 
These  are  found  in  the  cores  of  old,  worn- 
dowu  mountains,  as  in  the  Adirondacks, 
New  England,  Scotland,  and  Norway. 

Summary.  —  Vai-inns  forms   of  ititruded 

Via.  233.  — Ideal  section     igneoits  Tocks  —  necks,  dikes,  sheets,  lacco- 

tiiroughalarcollili(Me    /flftg^  and  bosses — are  caused  by  the  rising 

*        *■  of  lava  that  does  not  reach  the  surface.     Tlie 

wearing  doom  of  the  surface  by  denudation  brings  tliese  itttruded 

laoa  mtutea  to  viem.  ,  ,,,[,, 
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95.  Life  History  of  a  Volcano.  —  While  a  volcano  is  active 
the  cone  uyually  grows,  because  each  eruption  adds  material 
to  it.  A  dormant  volcano  may,  however,  break  forth  in  so 
violent  an  explosive  eruption  that  the  cone  is  wrecked  and 
its  Bize  and  form  changed  (Figs.  199,  220).  Or,  by  the  open 
ing  of  a  new  outlet,  the  lava  may  be  drained  from  beneath 


the  cone,  causing  it  to  collapse  (Fig.  219).     But  these  causes 
for  changes  in  the  form  of  volcanoes     «  accidental. 

Throughout  the  life  of  every  volcano  the  agents  of  denu- 
dation are  at  work  tearing  it  down ;  but  so  long  as  it  is 
active,  fresh  supplies  of  lava  or  ash  tend  to  repair  the  dam- 
age. When  tiie  volcano  becomes  extinct,  however,  denuda- 
tion has  full  sway.  At  first  the  crater  is  occupied  by  a  lake 
(Figs.  216,  226),  but  the  rim  is  slowly  destroyed  and  the 
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lake  drained.  Streams  gully  the  cone  with  deep  ravines 
and  gorges,  until  it  beara  little  resemblance  to  a  volcano. 
As  the  coue  is  slowly  worn  down,  the  hard  core  of  lava  in 
the  volcanic  neck  resisbt  denudation  better  than  the  looser 
beds  of  porous  lava  and  ash.  It  therefore  remains  above  the 
surface  as  a  central  divide  for  radiating  streams  (Figs.  227, 
231,  237).  In  western  United  States  there  is  every  grada- 
tion from  the  perfect  cone  to  the  volcanic  neck  remnant. 

If  a  volcano  stands  in  the  sea,  the  waves  have  a  large  share  in 
its  reduction  (Fig.  234).  At  first,  steep  cliffs  are  cut,  on  which 
the  waves  beat  with  such  force  that  no  boat  can  land.  As  these 
cliffs  are  pushed  back  into  the  land,  the  crater,  may  be  reached 
and  a  crater  harbor  be  opened  (Fig.  234}.  Further  wave  cutting 
may  entirely  consume  the  volcano,  leaving  only  a  ahoal  to  mark 
its  site. 

Summaiy.  —  Duinng  activity  a  volcano  grows  by  jiddition  of  lava 
or  adi  fatter  than  denudation  wears  it  away;  bta  explosion  or  col- 
lapse  may  change  its  size  or  form,.  When  fxtincl,  however,  volcanoes 
are  slowly  worn  away,  the  last  remnant  being  the  hard  volcanic  neck. 
Waves  aid  in  the  destruction  of  cones  in  the  sea. 

96.  Importance  of  Volcanoes.  — The  most  noticeable  effect 
of.  volcanoes  is  the  destruction  of  life,  —  human,  plant,  and 
animal.  The  ash,  lava,  steam,  gases,  hot  water,  mud  flows, 
lightning,  and  earthquakes  that  accompany  eruptions  all 
contribute  to  this  destruction.  Nothing  in  nature  is  more 
terrible  than  a  volcanic  eruption. 

Yet  volcanoes  have  some  beneficial  effects.  The  burial  of 
organic  remains  beneath  ash  and  lava  has  preserved  fossils 
that  throw  much  light  im  the  history  of  former  life  on  the 
globe.  The  eruption  of  Vesuvius  in  79  has  preserved  a 
record  of  Homan  life  that  we  could  not  in  any  other  way 
have  obtained.  Lava  flows  have  also  covered  and  preserved 
deposits  of  precious  metal,  as  in  California,  'X^here  some  of 
the  gold  mining  is  carried  on  in  ancient  river  gravels  beneath 
old  lava  flows  (Fig.  238).  _,)0*>lc 
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Volcanoes  have  foiined  many  lakes,  like  Nicaragua  in  the  Isth- 
mus of  Panama.  Volcanoes  and  lava  floods  have  helped  make 
grand  scenery.  There  are  few  finer  sights  than  a  large,  snow- 
capped volcanic  cone,  like  Etna,  Kanier,  Hood,  or  Shasta. 

Lava  soils  are  usually  very  fertile ;  fur  example,  one  of  the  most 
productive  wheat  regions  of  the  country  is  the  Columbia  valley, 
with  its  rich  voli^anic  soil.  Lava  and  ash  have  supplied  much  of 
the  material  of  which  the  sedimentary  strata  are  made;  and 
igneous  rocks  have  supplied  undeiground  water  with  much  valu- 
able mineral  for  deposit  in  veins.  Lava  also  heats  the  water, 
thus  giving  it  more  power  to  dissolve  minerals.  The  presence  of 
lava  in  western  United  States  has  had  a  very  important  influence 
on  the  formation  of  the  valuable  mineral  veins  of  that  region. 

Sumnuuy.  — Volcanoes  are  very  destructive  to  life;  but  they  have 
»ome  beneficial  effects.  Tliey  preserve  records  of  past  life,  and  occa- 
sionally valuable  minerals;  they  cause  lakes;  they  aid  in  the  male- 
ing  of  scenery ;  their  soils  are  vsually  fertile  ;  they  have  helped  suppJy 
material  for  the  sedimentary  strata;  and  they  have  aided  m  the  for- 
moCton  of  mineral  veins. 

EARTHQUAKES. 

97.  (A)  Cause.  —  Daring  mountain  growths  jar,  or  earth- 
quake,  is  sent  through  the  rocks  when  thej  slip  along  fault 
planes.  Sometimes,  as  in  Japan,  in  1891,  the  surface  of  the 
ground  on  one  side  of  a  fault  plane  is  raised  during  the 
shock  (Fig.  289).  Volcanic  explosions,  and  the  rush  of 
lava  into  fissures,  forming  dikes,  also  cause  earthquakes.  In 
fact,  any  jar  to  the  rocks,  as  an  exjilosion  of  gunpowder,  the 
falling  in  of  caverns,  or  an  avalanche,  will  cause  an  earth- 
quake. Tiie  jar  may  be  so  slight  that  it  can  be  detected 
only  by  delicate  instruments ;  or  it  may  be  so  violent  as  to 
cause  widespread  destruction. 

(B)  Occurrevce.  —  Since  earthquakes  are  so  commonly 
caused  by  the  breaking  of  rocks  and  by  the  movements  of 
lava,  volcanic  regions  are  especially  liable  to  them.     Indeed, 


t 
II 

III 

III 

111 

IP 

HI 

S  eg 
«|1 


111 


I 

I 


If 

m 


n,gN.«j,-vG00' 


|lc 


Fia.  S38.  —  Sectloo  of  a  gold  mine  In  CallfarniB,  beneath  an  ancient  lava  Bov 
(Tolcaoic  cap).  The  ci  rclea  indlcaW  old  rivet  graveta,  coDtainlng  gold,  which 
the  lava  flows  covered. 


Fio.  239.— Fault  which  caused  the  earthquake  shock  ot  IS»1  Id  Japan.  By  this 
fault  the  road  In  Ihe  middle  of  the  picture  was  raised  several  feet  on  the  far- 
ther side  of  the  fault  plane.    (See  Figs.  211,  242.) 


Fro.  240.  —  Adraniug  tollluslrate  the  movement  of  an  eatthqnahe  wave  outward 
In  all  directions  from  the  focus,  F.  The  shock  reaches  the  surface  first  at  E, 
the  epicentrnm,  aud  at  later  and  later  periods  on  the  circles  marked  I. 
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a  map  of  the  distribution  of  volcanoes  mig^ht  also  serve  as  a 
map  of  frequent  earthquakes.  To  be  sure,  there  have  been 
violent  earthquake  shocks  far  from  volcanoes;  for  example, 
those  of  Lisbon,  Portugal,  in  1755,  southern  Arkansas  in 
1812,  aud  Charleston,  S.C.,  in  1886.  Such  shocks  are  usu- 
ally due  to  the  slipping  of  rocks  along  a  fault  plane. 

(C)  Characteristics.  —  The  center,  or  focus  (Fig.  240),  of  an 
earthquake  may  be  thousands  of  feet  beneath  the  surface.  From 
it  the  jar  passes  through  the  rockB  in  all  directions  (Fig.  240),  in 
much  the  same  way  as  a  shock  passes  through  a  table  when  it  is 
struck  a  heavy  blow.  The  point  above  the  focus,  where  the  shock 
is  first  felt  at  the  surface,  is  called  the  epicentrum. 

At  the  epicentrum  the  movement  of  the  earth  is  vertical,  and 
the  shock  is  most  violent.  As  the  distance  from  the  epicentrum 
increases,  the  shock  is  felt  with  less  and  less  violence.  The 
Charleston  earthquake  was  detected  by  delicate  instnunents  as 
fer  away  as  Ontario,  Canada. 

In  an  earthquake  shock  the  ground  may  not  rise  and  taM  more 
than  an  inch,  and  yet  do  great  damage.  The  earthquake  is  rarely 
a  single  shock,  but  usually  a  succession  of  jars,  perhaps  near 
enough  together  to  give  the  appearance  of  a  shaking  of  the 
ground.  Very  often  one  earthquake  quickly  follows  another; 
for  example,  in  1783  nearly  1000  shocks  were  felt  in  Calabria,  in 
southern  Italy.  In  this  case  the  rocks  weje  probably  slipping 
along  a  fault  plane,  and  each  slip  sent  out  an  earthquake.  The 
many  earthquakes  that  precede  a  volcanic  explosion  are  no  doubt 
due  to  the  breaking  of  the  rocks  by  the  attempt  of  the  steam- 
tilled  lava  to  escape. 

(D)  Effects.  —  Violent  earthquakes  are  very  destructive 
(Figs.  241,  242).  They  often  cause  avalanches,  which  dam 
streams  and  form  lakes ;  and  the  shaking  of  the  ground  some- 
times forms  depressions,  in  which  lakes  and  ponds  gather. 
Trees  are  thrown  down ;  cracks,  in  which  plants  and  ani- 
mals are  swallowed  up,  are  opened  in  the  ground ;  and  great 
destructioD  of  life  is  caused  by  the  overturning  of  houses 
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(Fig.  241).  In  consequence  of  the  danger  from  falling  houses, 
people  wbo  live  in  countries  where  earthquakes  are  frequent, 
build  their  houses  so  that  they  will  withstand  ordinary 
shocks.  Even  with  this  precaution,  thousands  of  lives  are 
sometimes  lost  in  a  single  shock.  If  the  shock  is  in  the  sea, 
'  a  water  wave  may  be  started  which  causes  much  destruction 
on  low  coasts  (p.  186). 

Somoury. —  Earthquakes  are  jars  in  tlie  i-ocks,  resuUing  from 
faulting,  volcanic  action,  and  other  causes.  They  are  moat  common 
in  volcanic  regions,  btU  Bomelimea  occur  dsetohere.  An  earthquake, 
vsuaUy  a  series  of  shocks,  is  most  violent  at  the  epicentrum  (point 
above  the  source,  or  focus,  of  the  shock),  diniinishiru/  in  intensity  in 
ail  directions  from  it.  Earthquakes  form  lakes,  open  cracks  in  the 
ground,  arid  tlirow  doum  trees  and  houses,  causing  great  destruction 
of  life.    If  in  the  sea,  a  de^ructioe  water  uaiie  may  be  started. 

HOT  SPRINGS  AND  GEYSERS. 

98.  Underground  water  is  often  heated  by  buried  masses 
of  lava  or  other  causes.  Where  this  heated  water  rises  to  the 
surface,  usually  through  a  fissure,  it  forms  a  hot  sprivg ;  and 
if  it  occasionally  gushes  out,  it  is  called  a  geyser. 

The  rising  hot  water  always  bears  mineral  substances  in 
solution,  some  of  tvhich  may  be  deposited  near  the  spring. 
Such  deposits  are  found  around  the  hot  springs  (Figs.  243, 
474)  and  geysers  (Figs.  244,  47S)  of  Yellowstone  Park. 
Hot  water  is  sometimes  encountered  in  mines,  and  it  is 
known  that  many  veins  of  gold,  silver,  copper,  and  other 
valuable  metals  have  been  deposited  by  hot  water  on  the 
walls  of  fissures. 

There  are  geysers  in  New  Zealand,  Iceland,  and  the  Yellow- 
stone National  Park — all  volcanic  regions.  The  mineral  de- 
posits made  around  tliese  are  often  very  beautiful  in  form  and 
color,  and  they  sometimes  build  a  cone,  through  the  crater 
of  which  the  geyser  erupts  (Figs.  244,473).  ^ ^_ 


Fia.  241,  — UeBtruction  cknsed  by  the  Japanese  earthquake  of  1891  (Fig.  239>. 
All  thU  damage  was  done  to  bonees  tbat  wete  bailt  ver;  lightly  ftod  Uins 
■bis  to  witliBlaiid  ordiuar;  eatthqnake  thocks. 


Fm.  212. — Danikge  to  a  railroad  bridge  hy  the  Japanese  earthqoake  of  ISBl. 
Note  how  the  eaith  was  shaken  from  benealb  tbe  track  wbere  it  leavea 
tbe  bridge. 


Fta.  243.~Uot  BpriDg  deposiu  in  the  Yellowitaae  Park,  These  deposits  an 
carbonate  of  lime  {calcaieoos  tula),  and  tliey  build  llttie  Imaius  In  irhlcb  the 
hot  water  Btandi,  trickling  over  the  edge  and  forming  iGicle-IIke  deposits. 


FlO.  2H.  — Giant  Geyser,  Yellowstone  Park,  In  eraplloD.    TGe'ilepMKa  u 
around  the  geysers  are  of  silica  (siliceonl  sinter). 
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The  geysers  are  exceedingly  interesting.  Old  Faithful 
erupts  every  65  minutes,  with  auoh  regularity  that  the  time 
of  each  outburst  can  be  accurately  pi'edicted.  With  each 
eruption  a  great  mass  of  hot  water  and  steam  is  thrown  to  a 
height  of  over  100  feet.  The  Minute  Man  geyser  erupts  a 
small  column  every  few  minutes  to  a  height  of  only  a  few 
feet.  Other  geysers  erupt  very  irregularly,  and  some  have 
become  extinct.  The  differences  between  the  geysers  suggest 
the  probability  of  several  explanations  for  their  eruptions. 

Those  that  erupt  regularly,  like  Old  Faithful,  seem  to  be  due  to 
the  following  cause.  There  is  hot  water  in  a  narrow  tube ;  and 
this  is  heated,  perhaps  by  an  adjacent  lava  mass,  until  the  boiling 
point  is  reached.  The  boiling  point  of  water  rises  under  pres- 
sure ;  therefore,  it  may  be  necessary  to  raise  the  temperature  to 
2.50°  or  mure  before  boiling  begins  down  in  the  tube.  When  the 
boiling  point  is  reached  steam  forms,  but  the  narrow  tube  pre- 
vents its  easy  escape.  It  then  lifts  the  column  of  water  and 
causes  some  of  it  to  flow  away  from  the  geyser  crater.  This 
overflow  removes  some  of  the  water  column  and  therefore  reduces 
the  pressure  on  water  that  is  already  boiling  at  250°.  This  re- 
moval of  pressure  at  once  lowers  the  boiling  point;  and,  since  a 
lai^e  mass  of  water  has  a  temperature  near  250°,  it  suddenly 
changes  to  steam.  This  expels  the  water  with  a  rush.  The 
time  between  eruptions  depends  upon  the  length  of  time  required 
to  heat  the  water  down  in  the  tube  to  the  boiling  point. 

Sommory.  —  Hot  water,  rising  from  undergrouTid,  fonns  hot 
uprittgs ;  or,  if  it  rises  in  entpHon,  geysers.  It  bears  and  deposits 
mineral  avbatances,  both  rU  the  surface  and  in  the  Jissares  through 
Kkich  it  rises  —  in  the  latter  case  sometimes  forming  valuable  min- 
eral veins.    Some  geysers  erupt  regularly,  others  very  irregularly. 

Topical  Outline,  Quebtioks,  and    SuoGESTtONS. 

Topical  Ootline, — 80.  OrAham  laUnd. —The  eruption;  materiala 
•nipted ;  the  cone  ;  its  destruction ;  other  volcanoea. 

81.  StrgmboU.  —  Location;  uzeofcone;  nature  of  eruptions. 
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82.  Eniptioiu  of  1901  In  the  West  Indies.  —  Destruction  of  St.  I^erre ; 
La  Soufri^re;  previous  eruptions;  warnings;  eruption  of  May  8;  cause 
of  destrucbiveness;  eSects  of  later  eruptions;  material  erupted;  distri- 
bution of  ash;  mud  flows;  probable  future. 

83.  VesQviua.  —  (a)  Eruption  of  79:  previous  condition;  settlements 
OD  slopes ;  warnings ;  effect  of  eruption ;  our  knowledge  of  the  eruption ; 
conditions  accouipAnyii^  eruption,  (b)  Pompeii:  importance  of  its  ex- 
cavation, (c)  Condition  since  78:  difference  iu  eruptions;  present 
condition;  ordinary  quiet;  increase  in  activity;  lava  eruptions;  observa- 
tory,    (d)  Other  volcanoes  of  Bay  of  Naples. 

84.  Etns.  —  PoaitioQ  ;  eruptions ;  great  height ;  decay  of  the  lava. 

85.  Erakatoa.  — Former  eruption;  eruption  of  1883;  ash  on  the  sea; 
air  wave ;  water  wave ;  conditions  Biiice  eruption ;  future. 

86.  Hawaiian  Volcanoes.  —  (n)  Island  of  Hawaii:  its  volcanoes;  its 
height  (6)  The  craters :  lava  lakes  ;  calderas.  (c)  Lava  flows :  rising 
in  crater;  draining  through  fissures;  lenglh  of  flows;  nature  of  flow. 

87.  Ht.  Shasta  and  Lassen  Pealc  —  Shasta ;  ash  cone ;  recent  eruptions. 

88.  Crater  Lake  ^  Siiie  of  lake ;  cause  of  caldera. 

80.  Materials  Erupted. —  Steam;  other  gases;  meaningof"  smoke  "and 
"flame";  lava  flows;  effect  of  steam  exploBionon  lava;  bombs;  mud  flows. 

90.  The  Forms  of  Volcanic  Cones. — -Ash  cones;  lava  cones;  ash  and 
lava  cones ;  calderas ;  wrecked  cones. 

91.  Distribution  of  Volcanoes.  —  Number;  general  location ;  belt 
encircling  Pacific,  —  South  America,  Antilles,  western  United  States, 
Aleutian  Islands,  eastern  Asia;  other  chains,  —  Pacific  and  Indian  oceans, 
continents,  Mediterranean,  open  Atlantic;  areas  free  front  volcanoes; 
areas  of  extinct  volcanoes ;  association  with  mountains. 

93.  Cause  of  Volcanoes.  —  Immediate  cause ;  effect  of  growii^  moun- 
tains; condition  in  western  United  States. 

93.  Lava  Floods.  —  (n)  Columbia  valley:  cause;  area;  lavaplateau; 
thickness ;  later  tilting.  (&}  Other  areas,  (c)  Present  condition  ;  general 
absence  of  lava  floods;  Iceland;  relation  of  fissures  to  volcanic  cones. 

94.  Lava  Intrusions.  —  Volcanic  necks;  dikes;  how  revealed;  sheets 
or  sills :  illustrations ;  laccoliths ;  bosses. 

95.  Life  History  of  a  Volcano.  —  Normal  growth ;  effects  of  explosion ; 
of  collapse ;  denudation ;  the  volcanic  neck ;  volcanoes  in  the  sea. 

96.  Importance  of  Volcanoes.  — ■  Destruction  of  life ;  preservation  of 
fossils;  of  human  records;  of  mineral;  formation  of  lakes;  effect  on 
scenery ;  on  soils ;  on  sedimentary  rocks ;  on  mineral  veins. 

97.  Earthquakes.  —  (A)  Cause:  faults;  volcanic  action;  other 
causes.  (B)  Oceutrence:  volcanic  regions;  other  regions;  illustrations. 
(C)  Characterinlici r  focus;  nature  of  shock ;  epicentjrum;  distance  trav- 
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eled ;  repeated  shocks;  explaoation  of  repeated  shocks.  (D}  EffecU: 
avalanches;  lakes;  cracks  in  the  ground;  overturning  houses;  sea  waves. 

08.  Hot  Springs  and  Geysers.  —  Csuse;  na^ture  of  geysers;  mineral  de- 
posit at  surface ;  mineral  veins ;  distribution  of  geysers ;  geyser  deposits ; 
eruption  of  geysers ;  explanation  of  geyser  eruptions. 

QuKSTioMs.— 80.  state  the  history  of  Graham  Island.  What  causes 
ash  and  pumice  ?    How  do  many  volcanoes  differ  from  this  one? 

81.  Where  is  Stroml)oli7    State  its  characteristics  as  a  volcAoo. 

82.  What  reasons  were  there  for  expecting  an  eruption?  Why  was 
the  eruption  so  destructive  at  St.  Pierre  ?  What  were  its  effects?  What 
was  the  nature  of  the  material  erupted?    What  causes  mud  flows? 

S3.  What  was  the  condition  of  Vesuvius  in  79?  Tell  abont  the 
eruption  of  79.  How  has  it  been  of  importance?  What  has  been  the 
subsequent  history  of  Vesuvius?  What  is  its  present  conditioa?  What 
other  signs  of  volcanic  activity  are  there  near  Vesuvius? 

84.  Describe  Etna  and  its  eruptions. 

85.  Describe  the  eruption  of  Krakatoa  and  its  effects. 

86.  Describe  the  Hawaiian  volcanoes  and  craters.  Describe  the  erup- 
tions.    What  is  the  nature  of  the  lava  flows? 

S7.  What  is  the  condition  of  Shasta?    Near  Lassen  Peak ? 
88.  What  has  been  the  history  of  Crater  Luke? 
80.   What  substances  are  erupted  from  volcanoes? 

90.  Hondo  ash  and  lava  cones  differ?    Why?    What  are  calderas? 

91.  Trace  (Fig.  233)  the  principal  chains  of  voleanoes  (named  in  text) 
in  the  belt  which  partly  encircles  the  Pacific.  Where  else  are  volcanic 
chains  found?    Are  volcanoes  found  everywhere  ? 

93.  What  is  ths  immediate  cause  for  volcanic  eruptions?  What  lela- 
tion  is  there  between  growing  mountains  and  volcanoes? 

93.  Describe  the  lava  floods  of  the  Columbia  valley.  Where  else  were 
lava  floods  formed?     ilow  may  volcanic  cones  succeed  fissure  eruptions? 

94.  What  are  volcanic  necks?  Dikes?  Sheets  or  sills?  Give  illuBtra- 
tions.     What  are  laccoliths?     Bosse.'^?     How  are  they  brought  to  light? 

95.  What  may  affect  the  form  of  a  volcano  before  its  extinction? 
What  is  itfl  history  after  extinction  ?     What  is  the  case  in  the  sea  ? 

96.  State  the  important  effects  of  volcanoes. 

97.  (A)  What  are  the  causes  of  earthquakes?  (B)  Where  are  they 
most  frequent?  Why?  What  explains  violent  earthquakes  elsewhere? 
(C)  What  is  the  focus?  The  epicentrum?  What  is  the  nature  of  the 
shock  ?     (D)  AVhat  are  the  effects  of  earthquakes? 

98.  What  are  hot  springs  and  geysers?  What  do  the  waters  carry? 
Where  are  geysers  found?  How  do  they  vary  ?  Give  the  explanatjon 
of  regularly  erupting  geysers. 

■  ■■ .Coo>;Ic 
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ScaoKSTiOMB. —  (1)  Illustrate  the  formation  of  vo1cbiio«h.  Take  an 
ordinaiy  wooden  box,  for  example  a  soap  or  shoe  box,  reniovs  the  cover 
and  turn  it  oa  its  side  with  the  bottom  toward  the  class  and  the  open 
side  toward  the  teacher.  Extend  a  glass  tube  through  the  top  of  the  box 
and  blow  sand  gentlj  through  it  A  cone  will  be  built  with  a  crater  in 
the  center.  The  force  of  the  eruption  may  be  made  to  vary,  and  many 
phases  of  volcanic  eruptions  may  be  imitated.  The  sund  is  best  blowu 
through  by  means  of  foot  bellows,  and  the  result  will  be  more  satis- 
factory if  the  lower  part  of  the  tube  is  expanded  into  a  bulb  that  is 
partly  filled  with  sand.  (2)  In  the  same  way,  force  nielt«d  wax  up  to 
form  a  volcano.  Have  a  branch  tube  extend  off,  reaching  an  inch  or  two 
above  the  top  of  the  box.  Keep  its  end  plumed  until  the  wax  covers  it, 
then  open  it  and  plug  the  main  tube,  allowing  the  wax  to  escape  through 
the  side  tube  to  illustrate  the  eruption  of  lava  from  the  sides  of  a  coue. 
If  the  wax  Botidifies  in  the  tube  and  interferes  with  the  experiment, 
warm  the  tube.  (3)  With  a  little  ingenuity  wax  can  be  foi-ced  between 
layers  of  clay  and  cardboard,  forming  laccoliths ;  or  into  fissures  cut 
through  the  layers,  forming  dikes.  (4)  Look  for  dikes.  If  your  home  is 
along  the  rocky  coast  of  New  England,  they  may  easily  be  found.  Study 
them  and  tell  what  you  observe.  (5)  Students  in  the  Connecticut  valley. 
New  York  City,  and  east  ceutral  New  Jersey  should  bo  given  an  excur- 
sion for  the  study  of  the  trap  sheets.  Look  for  jointing.  Look  for  the 
rock  strata  above  or  below  the  lava.  How  do  they  differ  from  the  trap? 
Make  careful  observations.  (6)  Earthquakes  may  be  imitated  and 
studied  by  jarriug  a  slab  of  stone  or  a  table  top.  (7)  A  geyser  eruption 
may  be  made  by  constructing  a  long  (two  or  three  feet),  narrow  tube,  fill- 
ing it  with  water,  and  healing  it  near  the  bottom  until  steam  is  produced. 

Reference  Books.  —  Husskll,  Vnlcanoes  of  North  Amerien,  Mscmillan 
Co.,  N.Y.,  1897,  «.0O;  Hrii.prin.  hU.  Pek'e  and  the  Tragedy  nfMnHimque, 
Lippincott,  Philadelphia,  1903,  $3.00;  Hull,  Votcanoet,  Scrihner's  Sona, 
N.Y.,  1892,  «.50;  Juoo,  Volcanne»,  Appleton  &  Co.,  N.Y,,  1881.  IQ.OO; 
Dana,  Characieriiiicit  of  Volcanoes,  Dodd,  Mead  &Co.,N.Y.,  1891,95.00; 
Lyell,  Principles  of  (iedogy.  Chapters  XXIII-XXV,  Appleton  &  Co., 
N.Y.,  1877,  *8.00;  Bonney,  Volcanoes,  Putnam's  .Sous,  N.Y.,  1899,  ^.00; 
Gbikie,  Ancient  Voleanoft  of  Great  Britain,  2  vols.,  Macmillan  Co.,  N.Yt 
1897,  tll.25;  Dutto.n,  Hatpaiian  Volcanoes,  4th  Annual  U.  S.  Geological 
Survey,  p.  8;  Gilbeht,  Geology  of  the  Henri/  Afounlainn,  Washingtoii, 
1877  (out  of  print);  Dillrr,  Aft.  Shasta,  National  Geographic  Mono- 
graphs, American  Book  Co.,  N.Y.,  ISO.i,  «2.-"iO;  DiLi.KRi  Crater  Lake, 
Annual  Report,  Smithsonian  Institution,  1897,  p.  369;  Milme,  Earth- 
quakti,  Appleton  &  Co.,  X.Y.,  1891,  81.75;  Dutton,  Charleston  Earth- 
quake, 9th  Annual  U.  S.  Geological  Survey,  p.  209 ;  Wked,  Hot  Springs, 
8th  Annual  U.  S.  Geological  Survey,  p.  619. 
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Fio.  2*6. — A  mow  field  In  the  Alpa  --  Iht  top  of  Ht.  Blanc. 


Pla.  248.  —  CrsTMna  In  •  Swiw  glacier  in  the  niv4  ngloD. 


lia.M9,— Snow  field  sod  glader  Id  tlwAlpa  with  l«t«nl  Mid  medial  monlnu. 


CHAPTER.  Vin. 
OLACIER8  AND  THE  GLACIAL  PEBIOD. 

99.  Valley  Glaciers.  —  The  enow  line  in  the  Alps  is  about 
9000  feet  above  sea  level.  Above  this  line  is  a  great  mow 
field  (Fig.  245,  249),  in  which  enow  accumulates  year  after 
year,  in  some  places  reaching  a  depth  of  hundreds  of  feet. 
Some  of  the  anow  is  whirled  away  by  the  wind,  settling  in  val- 
leys ;  some  slides  down  the  steeper  slopes  (Fig.  246),  as  snow 
slides  from  tlie  roof  of  a  house.  There  is  so  much  snow 
falling  into  the  valleys,  both  as  small  slides  and  great  ava- 
lanches, that  tliey  would  be  completely  filled  if  it  could  not 
in  some  way  be  removed. 

The  snow  that  accumulates  in  the  valleys  gradually  changes 
to  granular  snow  ice,  resembling  the  snow  banks  of  late  win- 
ter. This  change  is  partly  due  to  the  pressure  of  the  overly- 
ing mass,  and  partly  to  alternate  melting  and  freezing  during 
summer  days  and  nights.  The  granular  ice,  called  the  n/n/ 
(Figs.  246,  248),  moves  slowly  down  the  steep  valleys. 

As  the  mass  moves,  pressure  and  further  melting  and  freez- 
ing gradually  change  it  to  pure,  clear  ice.  The  supply  from 
the  snow  field  causes  the  ice  to  move  down  the  valley,  much 
as  a  river  extends  beyond  the  place  where  the  rain  fell.  Such 
an  ice  tongue,  occupying  a  valley,  is  called  a  vallet/  glacier 
(Figs.  157, 181, 185, 247-251).  In  the  Alps  some  of  the  gla- 
ciers are  10  to  15  miles  long,  extending  4000  or  5000  feet  below 
the  snow  line.  They  end  where  thje  warmth  is  sufficient  to 
completely  melt  the  ice,  and  the  terminus  may  be  below  the 
timber  line,  even  in  the  zone  where  grain  will  grow. 

The  glacier  moves  down  grade,  behaving  much  as  a  mass 
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of  wax  does  when  under  pressure ;  that  is,  it  moves  as  if 
it  were  slowly  flowing.  The  most  rapid  motion  is  near  the 
middle,  though  even  here  it  does  not  usually  move  more 
than  two  feet  a  day.  Every  glacier  carries  rock  fragments, 
some  of  which  have  fallen  from  the  valley  aides,  while  others 
ha\'e  been  obtained  from  its  bed.  These  fragments,  slowly 
dragged  along,  and  pressed  down  by  the  weight  of  the  ice, 
groove,  striate,  and  scour  the  rocks  over  which  the  glacier 
moves.  It  may  be  compared  to  the  work  of  sandpaper.  By 
this  scouring,  known  as  glacial  erosion,  valleys  are  both  deep- 
ened and  broadened. 

Bands  of  rock  fragments,  accumulated  on  the  margin  of 
the  glacier,  where  they  have  fallen  from  the  cliffs,  are  known 
as  lateral  moraines  (Figs.  247, 249).  Where  two  glaciers  join, 
two  lateral  moraines  unite,  forming  a  medial  moraine  (Figs. 
249, 250),  near  the  middle  of  the  glacier.  The  surface  of  the 
glacier  melts  in  summer ;  but  moraines  protect  the  ice  be- 
neath from  melting,  and  this  causes  them  to  stand  up  as 
ridges,  often  50  feet  or  more  above  the  surface  of  the  glacier. 

Although  ice  under  steady  pressure  slowly  flows,  when  subjected 
to  a  decided  strain  it  breaks,  forming  cracks,  or  crevasses  (Figs. 
246,  248),  in  the  glacier.  Where  the  valley  bottom  is  irregular, 
causing  mdny  strains  in  the  moving  ice,  crevasses  are  esi>ecially 
abundant;  and  when  the  slope  of  the  bottom  is  Steep,  the  ice  may 
become  so  crevassed  that  it  is  almost  imi)0ssible  to  pass  over  it. 
Such  a  section  is  called  an  ice  fall.  Moraine  fragments  are  con- 
stantly falling  into  these  crevasses,  some  of  them  finding  their 
way  to  the  bottom  of  the  glacier.  Watpr  from  the  melting  ice  also 
falls  into  crevaasea,  boring  pot  holes  (p.  54)  in  the  rock  floor,  and 
flowing  in  ice  tunnels  to  the  front  of  the  glacier. 

The  rock  fragments  frozen  in  the  bottom  of  a  glacier  are 
known  as  the  ground  moraine,  and  when  a  glacier  disappears 
by  melting  this  is  left  as  a  deposit  on  the  valley  liottom.  To 
it  are  added  the  materials  of  tiie  lateral  and  medial  moraines, 
which  slowly  settle  to  the  ground  as  the  glacier  melts. 
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At  the  end,  or  terminus,  of  a  glacier,  rock  fragments  are 
built  into  a  terminal  moraine.  Tbe«e 'fragments  are  brought 
by  the  ice  and  loosened  as  it  melts,  accumulating  in  iiTegular 
piles  at  the  base  of  the  glacier  front.  If  the  end  of  a  gla- 
cier remains  in  one  place  for  a  long  time,  the  terminal  moraine 
hills  may  reach  a  height  of  100  or  200  feet. 

The  water  that  falls  into  crevasses  emerges  as  a  stream 
from  the  ice  front  (Fig.  18.5),  often  from  an  ice  eave.  It  is 
white  with  suspended  sediment,  or  rock  flour,  supplied  by  the 
grinding  up  of  rocks  beneath  the  glacier.  In  summer,  the 
volume  of  these  glacier  streams  becomes  so  great  that  even 
pebbles  are  moved  along.  The  clay  is  carried  far  down  the 
valley,  but  the  sand  aud  pebbles  are  usually  deposited  on  the 
valley  bottom,  gradually  filling  the  valley.  Over  this  deposit 
the  stream  flows  in  a  branching,  braided  course,  constantly 
depositing  sediment  and  changing  position  (Fig.  251).  Such 
wa»h  deposits  may  reach  a  depth  of  over  100  feet. 

SonuDAry.  —  Snow,  derived  from  the  anow  field,  acc^imulates  in  the 
valleys,  changing  to  granular  ice  (jih.'fj,  Ihen  to  ice,  which  extends 
down  the  valley  as  an  ice  tongue  or  valley  glacier.  As  it  moves, 
it  scours  its  bed,  and  carries  rock  fragments,  both  on  its  surface 
(lateral  and  medial  moraines)  ami  at  its  bottom  {grmiml  moraine). 
Both  rock  fragments  and  water  descend  to  the, bottom  of  glaciers 
through  crevasses,  caused  by  strains  resulting  from  the  ice  molioH, 
7Ti«  rock  fragments  form  a  ground  moraine  and  assist  the  ice  in 
erosion;  tite  water  emerges  frvm  beneath  the  ice  in  streams,  bearing 
rock  fiour,  aand,  and  pebbles,  which  build  extensive  was/i  deposits. 
Terminal  moraines  are  baiU  at  the  ice  front. 

100.  Glaciers  of  Alaska.  —  Of  the  many  Alaskan  glaciers 
the  best  known  is  the  immense  Muir  glacier  (Figs.  253-255), 
which  is  fed  by  twenty  glacier  tributaries  or  more.  These 
unite  to  form  an  ice  tongue  which  advances  down  a  broad 
valley  and  ends  in  the  sea.  Its  front  is  a  cliff,  rising  200 
feet  above  the  water  and  extending  700  or  800  feet  below. 
From  it  small  icebergs  frequently  break  off  and  float  down 
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the  bay.      The  discharge  of  icebergs,  added  to  melting,  is 
causing  the  Muir  glacier  to  steadily  grow  shorter. 


F:o.  2S2.— HieMaluplnaglacler. 

Farther  north  is  anotlier  large  glacier,  the  Malatpina  (Fig. 
252),  formed  by  the  union  of  a  number  of  valley  glaciers  that 
descend  from  the  Mt.  St.  Elias  rimge  (Fig.  256).  This  glacier 
spreads  out,  f  an-ahaped.  on  a  plain  at  the  base  of  the  mountains. 
For  this  reason  it  is  called  a  Piedmont  glacier  (from  pied,  foot, 
and  mant,  mountain).  It  has  a  length  of  60  or  70  miles  and 
a  breadth  of  20  or  25  miles ;  and  its  movement  is  so  slow  that 
it  is  an  almost  stagnant,  undulating  ice  plateau  (Fig.  267). 

Melting  and  evaporation  have  caused  the  rock  fragments  in  the 
upper  portion  of  the  glacier  to  accumulate  at  the  siirface,  espe- 
cially near  the  lower  entl.  These  rock  fragmenta  form  a  rocky 
soil  on  the  glacier,  in  which  a  forest  is  growing  (Fig.  258). 

Sammary.  —  ^fvir  glacier,  fed  by  over  tirenty  tributary  gtacterit, 
ends  in  sea  cliffs  fro tn  which  icpbeiya  are  discharged.  Malaspina 
glacier,  an  almost  stagnant  ice  plateau,  ia  called  a  Piedmont  glacier. 


Fio.  2E3.  ~  The  wa  front  ol  Mulr  glacier,  Alului. 


Fia.  254.  — The  end  ol  Muir  glacier 


Fia.  2&D.  —  Tli»  crevasoed  top  at  Mnlr  gl»ctor> 


■  Goot^le 


Fto.ZST.  — Theanrface  ot  Halaspina  glacier,  Alaska. 


Fra.26B.— Terminus  ot  theMslasplnaclaclecon  thfaland.    'nlli'd'^aL'icecllO 
covered  with  moraine  soil,  on  the  top  ot  which  a  forest  is  growing. 
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101.  Oiatrlbntlott  of  Valley  Olaciera.  —  There  are  several  hundred 
valley  glaciers  in  Switzerland,  and  these  seiTe  aa  one  of  the  attrao- 
tiotis  to  tourists.  There  are  also  many  in  the  Caucasus  and  Hima- 
laya mountains,  and  in  Norway,  where  some  descend  to  the  sea. 

ITiere  are  small  glaciers  in  some  of  the  high  mountain  valleys 
01  Mexico  (in  the  tropical  zone)  and  of  western  United  States. 
Toward  the  north  glaciers  increase  in  size  and  number,  becoming 
especially  large  and  abundant  in  western  Canada  and  Alaska. 
Tourists  are  beginning  to  visit  the  Selkirk  range  of  western 
Canada,  which  rivals  Switzerland  in  the  grandeur  and  beauty  of 
its  snow-capped  mountains  and  its  glaciers.  The  Muir  glacier  is 
also  regularly  visited  by  steamer. 

The  islands  of  the  Arctic,  such  as  BafBn  Land,  Iceland,  and 
Spitzbergen,  have  innumerable  valley  glaciers,  many  of  which 
descend  to  the  sea.  Glaciers  are  also  abundant  in  New  Zealand 
and  the  southern  Andes. 

Sanuury.  —  Valley  gladera  exl^  in  many  parts  of  the  world, 
even  in  the  tropical  zone.  In  cold  climates  they  occupy  low  valleys, 
and  even  de'Kend  to  the  sea;  in  warm  dimates  they  are  confined  to 
the  upper  valleys  of  high  mountains. 

102.  Former  Extension  of  Valley  Glaciers.  —  It  is  well 
known  that  valley  glaciers  were  formerly  more  extensive  than 
at  present.  In  fact,  they  once  existed  in  places  where  now 
there  are  none.  Nearly  all  Switzerland  was  once  covered  by 
an  ice  sheet,  formed  by  the  union  of  valley  glaciers  ;  there 
were  many  in  the  Rocky  Mountains ;  and  glaciers  existed 
even  in  the  Adirondacks  and  New  England  mountains. 

The  clear  evidence  of  this  former  extension  of  glaciers  is  of 
various  kinds,  as  follows :  (1)  rock  fragments,  called  erratici 
(Fig.  259),  often  weighing  tons,  are  found  in  the  valleys. 
In  many  cases  they  are  different  from  the  rock  near  by,  but 
are  the  same  as  rock  found  higher  up  the  valley.  They  Lave 
apparently  been  brought  by  some  powerful  agent,  like  ice. 

(2)  The  ledges  in  the  valleys  have  been  polished  and 
scratched  by  the  dragging  of   rock  fraermeots  ivsr  them 
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(Fig,  259),  as  if  by  ice.     These  scratches,  or  »trice,  extend  in 
the  direction  in  which  the  erratic  bowlders  have  been  carried. 

(3)  Deposits  Hke  those  now  being  made  by  glaciers  occur 
in  the  valleys  (Figs.  251,  260).  These  include  lateral,  medial, 
terminal,  and  ground  moraines,  the  ground  moraine  making 
a  thin  sheet  of  mixed  clay,  pebbles,  and  bowlders,  called  hou^- 

•  der  clay  or  till.  This  till  is  uidike  water  deposits,  being 
unassorted  and  unstrati6ed ;  but  it  is  like  deposits  from  ice, 
which  carries  and  drops  large  and  small  fragments  with  equal 
ease,  and,  therefore,  side  by  side.  In  front  of  the  terminal 
moraines,  and  sometimes  mixed  with  them,  are  wash  deposits 
of  sti-atified  gravels,  like  those  now  being  laid  down  by  the 
streams  that  issue  from  glaciers. 

(4)  The  valleys  also  show  signs  of  glacial  erosion  (Figs,  251, 
259, 261, 262).  The  rocks  of  their  sides  and  bottoms  are  polished 
by  ice  scouring,  aud  the  ledges  are  worn  into  smooth,  rounded 
curves,  known  as  roches  movtonnies  (sheep  backs).  This  erosion 
has  often  broadened  and  deepened  valleys  (Fig.  261)  ;  and  where 
they  have  been  deepened  a  little  more  than  elsewhere,  rock  basins 
have  sometimes  been  formed,  now  occupied  by  lakes  and  ponds. 
In  some  cases  the  valleys  have  been  deepened  hundreds  of  feet; 
and  in  the  region  of  former  n^v^,  brcKul  deep  amphitheaters, 
called  cirques,  have  been  formed. 

Since  the  ice  disappeared,  side  streams  tributary  to  these  ice- 
eroded  valleys  have  not  had  time  to  cut  their  bottoms  down  to 
the  level  of  the  deepened  main  valleys.  Their  bottoms  therefore 
stand  above  the  level  of  the  main  valley,  and  they  are  accordingly 
called  hanging  valleys  (Fig.  293).  From  them  the  streams  tumble 
into  the  main  valley  as  falls  or  rapids.  These  waterfalls  add  to 
the  charm  of  the  mountain  scenery  in  Switzerland,  Norway, 
Alaska,  and  other  regions  from  which  glaciers  have  departed. 

Sumnuiry.  — Erratics,  striix,  moraines,  till,  and  Kosh  deposits  are 
among  tlie  evidences  that  valley  glaciers  fcere  formerly  more  extensive, 
and  even  existed  where  now  thereare  none.  Evidences  of  ice  erosion 
are  also  found,  in  the  form  of  roches  moutonni^es,  broadened  and  deep- 
ened valteys,  rock  basins,  cinjues,  and  hanging  valleys.       ^.^ 


Fio.  2S9.  — The  top  of  ft  Swlu  glacier,  showliig  crevutei.  Beyond  it  la  k 
HmooUied,  scratched  rock  Burface  with  erratic  bowlden  on  It.  The  Ice  has 
lelt  this  anrflKe  lo  recently  that  v^etatlon  haa  not  had  time  to  occupy  IL 


Fia.  262.  —  A  view  on  the  GriniBel  Pasa,  Swlizerland,  sbowlug  a  smoothed  rock 
Taller  ^''>i  ''"'^  lakes.  Thl»  was  (ormerly  occupied  by  a  glacier  vbtch  baa 
DOW  entirely  disappeared,  leaviag  scoured  rock  Bides  aod  moraine  deposits 
as  proof  of  1(8  former  existence. 
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103.  The  Greenland  Ice  Sheet.  —  The  island  of  Greenland 
is  moimtai nulls,  not  greatly  unlike  northern  New  England 
and  Scotland.  Near  the  coast  theye  is  a  fringe  of  peninsulas 
and  islands  on  which  there  are  scattered  Eskimo  settle- 
mente.  The  mountain  valleys  have  valley  glaciers,  and  small 
ice  caps  exist  on  some  of  the  larger  islands  and  peninsulas. 


^o 

- 

OLAClIilRS, 

wa-r  eowT  of 
UBEENLIKD. 

'\%^ 

Via.  a((3.  —  A  map  ot  tbe  regian  amnnd  Ihe  Cornell  K'ncier  wbere  Fi^B.  204,  261!, 
and  3T1  n-ere  tuken  (near  Ihe  lung  peninsula  at  the  top).  The  arrows  show 
tbe  Keneral  movement  of  the  ice,  outward  From  the  interior,  but  tumiiig 
down  into  the  valleys,  and  ending  In  tongues  in  tbe  bayB  and  fiords. 

Back  of  the  fringe  of  coast  land  is  a  great  waste  of  ice  and 
snow,  with  an  area  of  about  500,000  square  miles,  more 
than  ten  times  the  area  of  New  York  State.  This  enormous 
ice  cap  is  sometimes  called  the  Greenland  glacier  ;  but  it  is 
so  large,  and,  in  a  number  of  ways,  so  different  from  what 
is  commonly  called  a  glacier,  that  the  term  tee  »heet  is  a 
bett«r  name.  An  ice  sheet  is  a  mass  of  ice,  covering  and 
moving  over  a  large  area  of  land,  hill  and  valleg  alike. 
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In  the  interior,  a  part  of  which  Peary  has  crossed,  the 
elevation  is  8000  to  10,000  feet,  and  the  temperature 
never  rises  above  the  freezing  point.  The  surface  is, 
therefore,  always  covered  with  loose,  dry  snow.  Nearer 
the  coast,  where  the  elevation  is  less,  the  warmth  of  the 
summer  sun  melts  the  snow,  leaving  an  ice  surface  quite 
like  that  of  valley  glaciers. 

The  continued  fall  of  snow  on  the  high  interior  of  Gi-een- 
laud  has  caused  such  an  accumulation  that,  cliauged  to  ice 
by  pressure,  it  is  forced  to  move  slowly  outward  (Fig.  263) 
in  all  directions,  —  north,  east,  south,  and  west.  It  moves 
as  a  great  pile  of  wax  would,  ami  in  its  slow,  irresistible 
outward  movement  crosses  hill  and  valley  alike. 

Back  of  the  coastal  fringe  the  ou'y  land  that  appears  is  an 
occasional  high  mountain  pe^k,  culled  a  nunatak  (Fig.  264), 
which  projects  like  an  island  above  the  sea  of  ice.  Near  the 
coast  the  ice  extends  down  the  valleys,  often  reaching  the 
sea  (Figs.  263,  264).  At  the  head  of  fiords  these  valley 
tongues  end  in  sea  cliffs  200  or  300  feet  high  (Fig.  265), 
advancing  in  some  cases  at  the  rate  of  from  50  to  75  feet  a 
day,  and  discharging  huge  icebergs  that  Hoat  into  the  Arctic 
(Figs.  267,  268,  339).  Most  of  these  longues  are  only  a 
few  miles  wide ;  but  the  largest  of  all,  the  Humboldt  glacier 
of  north  Greenland,  is  60  miles  wide.  Tlieir  surface  is 
broken  by  crevasses,  quite  unlike  the  smooth,  unbroken  ice 
plateau  of  the  interior. 

Unlike  that  of  valley  glaciers,  the  surface  of  the  ice  sheet 
is  quite  free  from  rock  fragments,  excepting  where  nunataks 
supply  materials  for  a  medial  moraine,  or,  near  the  end  of  a 
valley  tongue,  where  cliffs  rise  from  the  ice  margin.  Near 
the  bottom^  1"  wever,  there  is  much  rock  material,  which  has 
bden  worn  fi-iii  the  land.  In  transporting  this  load  of  rock 
fragments  at)  ■  .ase,  the  ice  sheet  scours  its  bed  and  does 
much  work'^     erosion. 

Melting  near  the  margin  causes  streams  and  even  ponds 


Fio.  264.  —  A  view  ot  the  OrMoland  ice  sheet.  Bhowinjc  Its  vast  expanse,  its 
eiteiuioD  into  the  fiord  falle^d,  sxti  a  niinatak  rising  above  Its  surface. 
Tbla  la  a  view  of  the.CoTiielliglacistv  one  ol  ibe  large  valley  toogoes  ot  the 
Greenltuiil  ice  sheet.  ... 


%*anceB  Into  tb* 
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to  form  on  top  of  the  ice  ;  and  this  water  finds  ita  way  by 
crevasses  to  the  bottom.  Where  this  water  emerges,  either 
on  the  land  or  in  the  sea,  deposits  of  gravel  and  clay  are 
being  made  (Figs.  266,  272).  Along  the  ice  front,  too, 
moraines  are  being  built  of  rock  fragments  loosened  by  melt- 
ing (Fig.  271).  M»ny  of  these  are  worn  and  8cratched'(Fig 
290)  by  the  grinding  they  have  received. 

There  is  good  evidence  that  the  Greenland  ice  sheet,  like  valley 
glaciers,  once  extended  much  farther,  completely  covei-ing  some, 
if  not  all,  of  the  islands  and  peninsulas.  This  evidence  is  sup- 
plied by  moraines,  erratics,  glacial  scratches,  rounded  and  deep- 
ened valleys,  and  rock  basins.  The  Greenland  ice  sheet,  like  the 
Unir  and  many  other  glaciers,  Is  now  melting  back. 

Summaiy.  —  Qreerdand  is  covered  by  a  great  ice  sheet,  vnth  a 
fringe  of  land  near  the  coast,  and,  near  the  margin,  occasional  nuna- 
taka  projecting  above  the  ice.  From  the  high  interior,  where  enow 
falls  summer  and  winter,  there  is  a  movement  outward  in  all  direo 
liom,  the  margin  of  the  ice  consisting  of  valley  tongues,  often  ending 
in  the  sea  into  which  icebergs  are  discharged.  The  ice  has  little  rock 
material  on  the  surface,  but  carries  much  near  the  bottom,  with  which 
it  is  doing  work  of  erosion  and  making  moiuin^  and  wash  deposits. 

104.  (Hherlce  Sheets.  —  On  the  Antarctic  continent  there  is  an 
enormous  ice  sheet,  of  which  little  is  kuowD.  It  is  generally 
believed  that  the  entire  South  Polar  region  is  covered  by  an  ice 
cap,  with  an  area  larger  than  the  United  States.  For  a  long  dis- 
tance its  ma^n  is  a  great  ice  wall,  rising  several  hundred  feet 
above  the  sea  and  discharging  huge  tabular  icebergs. 

On  the  la^er  islands  of  the  Arctic  there  are  also  ice  caps, 
resembling  that  of  Greenland,  though  smaller.  There  is  evidence 
that  ice  sheets  once  spread  completely  over  these  islands. 

Soauiury.  —  There  is  a  great  ice  sheet  on  the  Antarctic  continent, 
and  KnaBer  sheets  on  some  of  the  larger  islands  of  the  Arctic. 

105.  FormAtioa  of  Icebergs.  —  When  a  glacier  eut«rs  the  sea  the 
water  buoys  the  ice  up,  causing  great  masses  to  break  off,  forming 
icebergs  (Figs.  265,  267,  268,  339),  Other  masses  are  broken 
away  by  undercutting  along  the  water's  edge.     As  the  icebergs 
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drift  slowly  away,  they  inelt,  strewing  rock  fragraeiita  along  the 
sea  bottom.  They  often  run  aground  (Fig.  267),  pushing  and 
grinding  the  layers  of  sediment  on  the  bottom. 

It  is  fortunate  that  the  icebeiga  drift  away  from  the  glacier, 
otherwise  the  tioi-ds  would  soon  become  choked  with  berg  ice. 
They  -float  away  in  an  outward  current  of  water  caused  by  winds 
from  the  ice  sheet  and  by  fresh  water  from  the  melting  ice. 

Summary.  —  Icebergs  are  diackarged  (1)  by  undercutting  along  the 
water's  edge,  and  (2)  by  buoybig  up  of  ice  as  it  advances  into  the  sea. 

106.  Former  Ice  Sheets  in  Europe  and  America.  —  There  is 
good  evidence  that,  not  many  thousand  years  ago,  a  great 
ice  sheet  spread  over  northeastern  America  (Fig.  270),  and 
another  over  northwestern  Europe.  Scandinavia,  Denmark, 
northern  Germany,  northwestern  Russia,  and  all  of  the 
British  Isles,  excepting  southern  England,  were  then  cov- 
ered by  ice.  Canada  east  of  the  Rocky  Mountains,  New 
England,  nortliem  New  Jersey,  nearly  all  of  New  York, 
northern  Pennsylvania,  much  of  Ohio,  and  the  states  farther 
west  and  northwest,  as  far  as  Montana,  were  also  ice-covered. 
These  ice  sheets,  which  were  quita  like  those  now  covering 
Greenland  and  the  Antarctic  continent,  have  been  called 
continental  glacier ». 

The  proofs  of  these  former  ice  sheets  are  of  the  same  kind 
as  those  of  former  greater  extension  of  valley  glaciers  (p.  141) 
and  of  the  Greenland  glacier  (p.  145).  These  proofs  include 
glacial  scratches  (Figs.  289,  291),  glacial  pot  holes,  and  er- 
ratic bowlders  (Fig.  28.5).  The  scratches  point  toward  the 
north,  and  many  of  the  bowlders  can  be  traced  to  a  northern 
source,  some  in  the  United  States  having  come  from  Canada. 
There  is  also  evidence  of  ice  erosion  and  valley  deepeniDg; 
and  there  are  lakes  in  rock  basins  that  the  ice  scoured  out 
(p.  153).  Where  the  ice  stood,  the  land  is  covered  by  a  sheet 
of  ground  moraine,  and  there  are  bands  of  terminal  moraine 
(Fig.  274),  with  wash  deposits  in  front  (Fig.  275).  Tliese  gla- 
cial deposits  were  called  drift,  because  they  were  thought  to 
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have  been  brought,  or  drifted,  by  great  floods  of  water;  and 
the  term  glacial  drift  is  still  applied  to  them. 

Louis  Agasstz,  in  the  middle  of  the  last  century,  first  proposed 
the  glacial  theory  to  accoutit  for  this  drift.  Beiag  a  Swiss,  he  had 
studied  glaciers  in  Switzerland,  and  had  seen  the  clear  evidence 
(p.  141)  that  Alpine  glaciers  were  formerly  more  extensive.  He 
saw  that  the  same  evidence  was  present  in  the  British  Isles  and 
in  America,  and  proposed  the  theory  that  there  had  been  a  Gla- 
cial Period.  This  at  first  met  a  storm  of  opposition,  but  is  now 
accepted  by  every  one  who  has  studied  the  question  intelligently. 

Snmmary.  —  Strife,  erratics,  evidences  of  ei-osion,  moraines,  etc., 
prove  that  great  continental  glaciera,  or  ice  akeels,  formerly  covered 
nortlieastem  America  and  northwestern  Europe.  Louis  Agaasiz 
proposed  the  now  accepted  explanation  ofllie  Oladal  Period. 

107.  CauK  of  the  GUdal  Period.  — Why  there  should  have  been 
a  glaeial  climate  in  temperate  latitudes  Is  not  positively  known. 
At  present  the  climate  of  Labi-ador,  Scandinavia,  and  other  centers 
from  which  the  ice  spread,  is  very  cold ;  and,  if  they  were  elevated 
several  hundred  feet,  great  ice  caps  might  slowly  gather  on  them 
and  spread  out  into  lower  and  warmer  regions.  Before  the  Gla* 
cial  Period  these  lands  actually  were  higher  than  now,  and  one 
theory  is  that  this  former  elevation  caused  great  ice  sheets  to  form 
and  move  down  into  the  United  States  and  Europe.  In  the 
United  States  an  ice  sheet  from  Labrador  joined  forces  with  ice 
sheets  from  the  Adirondack  and  New  England  mountains,  and 
spread  over  hill  and  valley,  advancing  slowly  and  irresistibly,  as 
the  ice  sheet  of  Greenland  does.  It  advanced  southward  to  a 
zone  where  melting  became  so  great  that  it  could  go  no  farther. 

After  many  thousand  years  the  climate  gradually  changed, 
perhaps  because  the  land  was  lowered.  Then  the  ice  front 
slowly  melted  back,  or  "  retreated,"  We  do  not  know  how  long 
ago  the  ice  melted  away,  but  there  is  evidence  pointing  to  from 
fiOOO  to  10,000  years  (p.  333).  The  time  since  the  ice  left  is  so 
short,  however,  that  the  drift  deposits  are  still  quite  fresh ;  and 
even  delicate  striae  remain  (Fig.  289)  wherever  protected  by  a  thin 
coating  of  soil  (p.  41), ^^s-^ 
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-  One  theory  for  the  Olacial  Period  is  that  when  the 
land  was  higher  in  Labrador  and  Scandinavia,  ice  caps  formed  and 
spread  out  in  all  directions,  and,  after  many  thotisand  years,  when 
the  larul  was  lowered,  incited  away. 

108.  Terminal  Moraines.  —  While  the  ice  sheet  was  melt- 
ing back  there  were  periods  wheu  it  halted  for  a  time 
and  built  terminal  moraines  (Fig.  274).  These  bands  of 
moraine,  which 
resemble  those 
now  forming  at 
the  margin  of  gla- 
ciers,  may  be 
easily  traced. 
They  consist  of 
irregular,  hum- 
mooky  hills,  vary- 
ing from  a  few 
feet  to  100  or  200 

mr««^ ^.uH-.^-^.-    .  ., feet     in     height, 

and  inclosing 
many  basins,  or 
kettles,  often  oc- 
cupied by  ponds. 
The  moraines  are  made  partly  of  till,  and  partly  of  stratified 
drift  deposited  by  water  from  the  melting  ice. 

Ice  toDgneSj  or  Icibes,  extended  farther  in  the  valleys  than  on 
the  liills,  and  on  this  account  the  moraines  bend  southward  in  the 
valleys,  forming  looped  or  liA>ate  moraines  (Figs.  269,  273).  Ter- 
minal moraines  were  built  at  each  halt  of  the  receding  ice  sheet, 
and  they  are  called  moraines  of  recession  (Fig.  273). 

Summary. — At  each  halt  of  the  receding  ice  sheet  a  terminal 
moraine  was  built  with  lobes  extending  dotcn  the  valleys.  7^m 
moraines  are  low,  hummocky  hills,  with  inclosed  basins,  or  kettles, 
often  occupied  by.t>onda. 


Fia.  269,  — Lobate  moraines  in  tbe  Central  States, 
showlns  the  inttuence  of  the  Great  L^kes  rallvja 
In  oauaing  the  ice  tongues  to  extend  farther  south. 


,N.«j,-vGoot^le 


Fta.  2T1.—Edge  of  the  Qreenlaod  Ice  sh«et  od  th«  land  (oeac  Fig.  261).  The 
dark  layers  of  ice  are  due  to  rock  tragmenls.  and  the  ridge  in  the  fore- 
ground ia  a  moraine  built  bj  the  falling  of  these  tram  the  ice  margin. 


^ 

^^g-<3i^  ^^i"5S' 

;o.  273.  — The  lobate  morainea  of  recession  in  western  New  York.  The  ooter- 
niost  terminal  moraiiip  is  the  one  that  hends  up  (mm  PenlisylTalila  to  Salar 
manca  Bad  Olean.     Also  location  of  dromliDEi,  and  of  shore  IIdsb  of  glacial 

laku.   Hie  beaTy  line  iatbedlride.  The  lakes  tuTe  all  been  caoaedb;  glacial 


\o.  276.  — A  kame  near  ¥ig.  2TS.  It  U  made  entirely  o(  sirsCifled  gnve],  and 
Id  the  centoc.  ]uit  above  the  tree  to  the  right  of  the  horse,  haa  a  very  deap 
kettle  hole  tbat  look*  like  a  crater. 
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109.  Stratifled  Drift  —  Water  issuing  from  the  melting 
glacier  built  several  classes  of  deposits.  All  these  are  strati- 
fied, because  water  assorts  rock  fi-agments  (p.  82).  These 
stratified  deposits  are  called  ttratified  dr\ft.  Of  these  the 
most  extensive  are  the  ttiash  plains  (Fig.  275),  which  re- 
semble those  now  forming  in  the  Swiss  valleys  (p.  189). 
Many  valleys  in  eastern  America  are  filled  to  a  depth  of 
from  100  to  800  feet  with  these  level,  gravelly  plains,  built 
by  ancient  glacial  streams.  Wherever  the  ice  front  rested  on 
fairly  level  land  the  glacinl  streams  built  a  series  of  low,  flat 
alluvial  fans.  The  plains  on  the  south  side  of  Long  Island 
are  of  this  origin. 

At  and  under  the  ice  front  the  water  built  irregular,  hummocky 
hills  of  gravel,  called  kame»  (Fig.  276),  in  which  deep  basins, 
or  kettles,  are  often  found.  Some  of  the  kamea  were  appar- 
ently made  by  streams,  bearing  much  gravel,  which  tumbled  to 
the  bottom  of  the  glacier  through  crevasses.  This  gravel  occa- 
sionally covered  blocks  of  ice  which,  on  melting,  allowed  the  gravel 
to  settle,  forming  the  kettle  holes. 

Long,  narrow  ridges  of  gravel,  sometimes  miles  in  length,  and 
with  an  irregular,  serpentine  course,  are  called  eakers  (Fig.  282). 
These  are  the  gravel  beds  of  streams  that  flowed  in  tunnels  or 
gorges  in  the  ice,  usually  at  the  bottom.  Where  these  streams 
emei^ed  from  their  ice  tunnels  they  built  wash  plains ;  or,  if  the 
end  was  in  small,  ice-dammed  lakes,  they  built  deltas.  These 
level-topped  deltas  are  called  sand  plahis. 

Ssmmuy.  —  Water  from  the  melting  ice  made  stratified  deposits: 
Jcames  where  streams  tumbled  to  the  base  of  the  ice  ;  eskers  where 
they  flowed  in  tee  tunnels;  wash  plains  where  they  emerged  upon  the 
land;  and  sand  plains  in  femall,  ice^ammed  kikes. 

110.  Ice.daiiliiied  Lakes.  —  In  some  places  the  ice  front 
stood  m  large  lakes  (Figs.  278,  279),  formed  where  north- 
flowing  streams  were  dammed  by  the  ice.  Clay  and  gravel 
deposits  were  made  in  these,  and  along  their  shores  deltas 
and  beacheB  were  built. 
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One  of  these  large  lakes  was  formed  in  the  valley  of  the 
Red   River   of  the   North    (p.    78).      Other   north-flowing 
streams  were  dammed  by  the  ice,  some  of  the  valleys  having 
small,  others  Urge,  glacial  lakes.      Tlie  case  of   the   Great 
Lakes  is  especially  interesting.     At  tirst  a  few  small  lakes 
were  formed,  one  outflowing  past  Chicago,  one  past  Duluth, 
and  one  past  Fort  Wayne,  Ind,  (Fig,  280).     As  the  ice 
melted  back  these  grew  larger,  uniting  and  outflowing  past 
Chicago  (Fig. 
280).     Then     an 
enormous  volume 
of   water,   compa- 
rable to  Niagara, 
escaped    into    the 
Illinois     River. 
The     small     lake 
harbor     around 
which        Chicago 
has  grown  up  was 
Fio.  27T.  — The  Oui»rio  region  during  the  stage  o(      scoured      out      bv 
ontflow  through  the  Mohawk  (Fig.  280;  see  also        ,  .  -  .■' 

Fig.273).  this  outflow.     As 

the  ice  continued 
to  melt  back,  a  still  lower  outlet  was  opened  eastward  through 
the  Mohawk  valley  (Figs.  277,  280),  the  Chicago  outlet  was 
abandoned,  and  for  a  while  the  glacial  lakes  outflowed  into 
the  Hudson  past  Little  Falls,  N.Y.  Finally,  when  the  ice 
disappeared  from  the  St.  Lawrence  valley,  the  present  course 
was  established. 

The  beaches  that  were  formed  at  the  levels  of  the  different 
outlets  of  these  various  lakes  may  still  be  clearly  seen.  For 
example,  the  beach  ridge  from  Syracuse  to  Lewiston  (Fig. 
273),  on  which  the  "ridge  road"  is  built,  was  recognized  as 
a  beach  by  the  early  explorers.  The  fine-grained  clay  that 
was  deposited  on  these  hike  bottoms  makes  a  level,  fertile 
soil.     Consequently,  the  region  between  the  elevated  beaches 


Flo.  2T9.  — Tbe  (ame  m  Ftg-  2T8  with  tbe  Ice  melted  back  Bomewbst,  ODcoTer. 
ing  ft  Talley  which  II  bad  crossed.  A  moraine  marks  the  tormei  position  of 
the  Ice  tront  Id  the  glacial  lake.    Describe  what ; on  see  Id  tbii. 
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and  the  present  lake  shores  is  the  seat  of  prosperous  farms, 
orchards,  and  vineyards. 

The  beaches  are  not  liorizontal,  but  rise  toward  the  north- 
east at  the  rate  of  about  three  to  five  feet  a  mile ;  and  this  is 
taken  as  proof  that  the  land  has  been  tilted  since  they  were 
formed.  As  a  result  of  this  tilting,  the  lakes  have  changed 
from  one  outlet  to  another  (Figs.  280  and  281). 

Uplift  of  the  land  is  still  in  progress  at  a  very  slow  rate,  and 
if  it  continues,  the  upper  Great  Lakes  will  eventually  abandon 
the  Detroit  channel 
and  once  more  out- 
flow past  Chicago. 
At  the  present  rate 
of  tilting  the  water 
will  begin  to  spill 
over  the  Chicago 
rim  in  600  or  600 
years ;  and  in  3600 
years  Kiagara  will 
be  changed  to  a 
very  small  stream. 

Sttmmary. — As 
the  ice  was  melting 
from  the  lattd  it 
dammed  north-flow- 
ing all-earns,  causing 
temporary  glacial 
lakes  which  disap- 
peared when  the  ice  dam  melted  aicay.  Ijahes  of  this  sort  were 
formed  in  the  valleys  of  the  Great  Lakes,  shijlivg  their  outlets  as 
lower  ones  were  uncovered  by  ice  melting,  or  made  possibla  by  laird 
lilting.     The  tilting  of  the  land  is  Mill  in  progress. 

111.  LoesB.  —  In  central  United  States  there  is  a  sheet  of  fine- 
textured  clay  known  as  loess,  a  German  name  for  a  similar  deposit 
in  that  country.  Some  of  the  loess  was  evidently  drifted  by 
winds,  and  some  of  it  was  brought  from  the  ice  front  in  slowly 


Fio.  281.  — After  the  Ice  hnd  entirely  left  ttie  St.  Lair- 
reiice  valley,  tbe  land  In  the  nortb  was  so  low  that 
the  sea  (shaded)  entered  the  Champlain  and  Oa- 
tario  basins,  and  the  upper  Great  Lakes  outflowed 
IhroDf-h  the  Ottawa  Blver.  Then  Nfagara  carried 
the  water  only  of  Lake  Erie.  As  the  land  in  tbe 
north  rose,  the  upper  lakes  were  tilted  until  they 
Anally  overflowed  past  Detroit. 
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moTing  sheets  of  water.    In  China  there  is  an  extensive  deposit 
ot  loess  brought  by  the  wind. 

Sonmuiy.  —  Lots*  is  a  Jine4exiured  day,  in  some  eases  wind- 
depotited,  in  others  brought  by  slowly  moving  sheets  of  water. 

112.  The  Till  Sheet-  —  The  principsl  soil  of  a  glaciated 
country  ia  till  or  bowlder  clay,  which  occupies  the  region  be- 
tween the  moraines,  wherever  the  surface  is  not  covered  by 
stratified  drift.  Till  is  a  compact  clay,  usually  unstratified, 
with  bowlders  and  pebbles  mixed  through  it  (Fig.  288),  It 
is  the  ground  moraine  left  when  the  ice  melted. 

The  till  sheet  varies  greatly  in  thickness,  being  usually 
thin  where  the  rock  is  hard,  and  thick  where  it  is  soft  and 
easily  ground  up.  In  Labrador,  and  in  hilly  New  England, 
there  are  large  areas  with  little  or  no  till ;  but  in  the  Mis- 
sissippi valley,  where  the  land  is  more  level  and  the  rock 
softer,  the  till  sheet  is  sometimes  100  or  200  feet  thick. 

There  is  also  much  difference  in  composition.  In  some 
places  it  is  made  of  clay  with  only  occasional  bowlders;  in 
others  it  is  so  full  of  bowlders  that  farming  is  almost  impos- 
aible  (Fig.  284).  An  abundance  of  bowlders  U  likely  to  be 
found  just  south  of  mountain  areas  of  hard  rock,  as  in  New 
England,  and  south  of  the  Adirondacks.  They  sometimea 
form  trails,  or  bowlder  trains,  from  the  place  of  origin,  grow- 
ing less  common  and  smaller  as  the  distance  from  the  source 
increases,  because  of  the  erosion  to  which  they  have  been  sub- 
jected. In  central  New  York,  where  the  bowlders  are  lately 
hard  rock  from  the  north,  farmers  call  them  "liardheads." 

Snmnury.  —  TiU  or  bowlder  day,  the  most  widespread  glacial 
deposit,  is  the  ground  moraine.  It  is  a  sheet  of  mixed  day  and 
bowlders  varying  in  thickness  and  in  the  proportion  of  bowlders. 

113.  Dmmlini. — In  many  sections  the  till  sheet  is  smooth  and 
regular,  covering  the  surface  to  a  fairly  even  depth;  in  other 
places  it  is  ridged  and  irregular.  One  peculiar  irregularity  of  till 
is  the  drum/in  (Figs.  286-288).     Drumlins  vary  from  100  feet  to 


Fia.  282.— An  esker  ridge  near  Itliaca,  N.Y. 
Tbis  It  s  stream  deposit  made  In  a  tun- 
nel ondemeatb  the  glacier. 


Fra.  284.  —  A.  bonlder-sCrewn,  glacial  soil  In  Maine. 


r..  :        n 

Pia.  28D.  — I^r^  glacial  bowlden  broocht  by  the  loa. 


Fio.  2Se.  — A  drainUn  at  Ipawicb,  Hui. 


r..  ,..    CkI^ 

FiQ.  2ST. — A  dnimUn  north  ol  Aubnni,  N.T. 
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Pio.  2n0.  -  A  pebbla  with  itlarii 
ncratrhaB:  laken  from  (h 
Greenland  ice  Bbeel  at  tli 
place  shown  Id  Fig.  271. 
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a  mile  or  more  in  length,  and  from  20  to  100  or  200  feet  in  height. 
Some  are  long  aad  ridge-like ;  some  short  and  lumpy ;  but  the 
most  typical  dmmlins  are  oval,  having  the  shape  of  a  half-sub- 
merged ere  (Fig.  286),  with  the  long  direction  parallel  to  the  water 
surface.    They  are  masses  of  till  ridged  up  under  the  ice, 

Drumlius  usually  occur  in  clusters.  There  is  one  group  in  Wis- 
consin, near  Madison  (Fig.  288);  another  in  centra!  New  York 
between  Rochester  and  Syracuse,  and  northward  to  Lake  Ontario 
(Fig.  273,  287) ;  another  in  the  Connecticut  valley ;  another  in 
andjiear  Boston  (Fig.  286).  Boston  is  built  on  dmmlins,  of  which 
Bunker  Hill  is  one, 

SommArr.  —  Elongated  ridges  of  tiU,  uswUly  in  dusters,  are  caUed 
dntmlins.  Tiiey  vary  greatly  in  shape  and  size,  the  most  perfect 
having  the  oval  shape  of  a  half  egg. 

114.  Gladal  Etoeiod. — In  a  glaciated  country  wherever 
the  rock  is  uncovered,  its  surface  is  likely  to  be  polished, 
Hcratcbed,  and  grooved  (Fig.  289).  In  eastern  United  States 
the  striiB  point  toward  Labrador.  Strite  and  erratics  found 
on  high  mountains  prove  that  the  ice  wns  thick  enough  to 
override  the  tops  of  mountains  even  a  mile  in  height. 

The  northern  slopes  of  hills  and  mountains  over  which  the 
Ice  moved  are  often  rounded  by  ice  erosion ;  and  ledges  have 
the  smoothed  and  rounded  form  of  the  roches  moutonnees 
(p.  142).  Pebbles  and  bowlders  in  the  till  are  also  smoothed 
and  scratched  (Fig.  291).  It  is  evident  that  much  work  of 
erosion  was  done  as  the  ice  sheet  moved  onward,  pressing 
down  with  enormous  weight,  and  dragging  its  rock  load  over 
the  land.     It  acted  like  a  great  rasp  or  sheet  of  sandpaper. 

By  this  erosion  some  rock  was  removed  from  the  hills,  but  more 
was  worn  from  those  valleys  along  which  the  ice  moved  freely. 
In  this  way  many  north-south  valleys  were  so  deepened  that  their 
tributaries  now  enter  through  hanging  valleya  (Fig.  293) ;  and  the 
same  is  true  of  bays  and  fiords  on  the  coasts  of  Maine,  Labrador. 
Alaska,  and  Norway.  By  such  erosion  the  valleys  of  the  larger 
Finger  Lakes  of  central  New  York  (Cayuga  and  Seneca)  were 
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deepened ;  and  part  of  the  depth  of  Lake  Ontario,  and  others  of 
the  Great  Lakes,  is  also  due  to  ice  erosion.  Diiriog  this  erosion, 
rock  basins,  in  which  lakes  and  ponds  now  stand,  were  scoured 
out.    Thus  the  laud  surface  was  decidedly  modified  by  erosion. 

Summary. —  Ttial  the  ice  sheet  did  much  erosion,  is  proved  bg 

striated  pebbles,  bowlders,  and  ledges  ;  by  rounded  north  slopes  ;  by 
Toclies  moutonuies  ;  by  hanging  valleys;  and  by  rock  basins.  TTie 
ice  sheet  acted  like  a  great  rasp,  j^aning  down  the  surface,  esp^ially 
in  vaileys  through  which  it  freely  moved. 


115.  Effects  of  the  Ice  Sheet.  — In  some  places  the  surface 
wag  roughened  by  the  deposit  of  drumlins.  eskera,  kames,  and 
moraines.  Elsewhere  the  drift  has  smoothed  the  surface  by 
making  thicker  deposits  in  the  valleys  than  on  the  hills. 
This  smoothing  reaches  its  extreme  in  the  prairie  region  of 
the  Central  States,  where,  in  some  cases,  drift  in  the  val- 
leys has  a  depth  of  500  feet.  The  level  surface  and  fertile 
soil  of  the  prairie  are  therefore  due  to  the  glacier  (Fig.  292). 

Throughout  the  glacial  belt  the  drift  soil  shows  many  vari- 
ations ;  for  example,  stony,  clayey,  sandy,  gravelly,  level, 
irregular.  On  a  single  farm  tliere  may  be  several  kinds 
of  soil.  Sometimes  this  is  better  than  the  soil  of  rock  decay 
that  existed  before  the  ice  sheet  came;  in  other  cases  a  barren, 
sandy,  gravelly,  or  bowldery  soil  (Fig.  284)  has  been  left  in 
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place  of  a  fertile  residual  soil.  Usually  the  glacial  soil  is  a 
strong  one,  because  it  consists  of  ground-up  rock  fragments, 
which  are  slowly  decaying  and  releasing  plant  food. 

The  sheet  of  drift  has  turned  many  streams  aside,  caus- 
ing them  to  cut  new  valleys  for  a  part  of  their  course.  In 
these  the  streams  have  often 
reached  the  rock  and  cut  post- 
glacial gorges,  in  which  there 
are  rapids  and  falls  (Figs. 
60,  67,  71,  75).  There  are 
thousands  of  instances  of  this, 
and  many  of  the  fulls  are  of 
great  value  for  water  power  ; 
for  instance,  the  falls  in  the 
Mississippi  at  Minneapolis, 
Niagara,  the  falls  at  Roches- 
ter, and  the  rapids  in  the 
Merrimac  where  Manchester, 
Lawrence,  and  Lowell  are 
situated.  South  of  the  gla- 
cial belt  there  are  few  places 
where  there  is  water  power  ; 
hut  in  New  England,  New 
York,  and  other  states  in  the 
glacial  belt,  it  is  this  water 
power  that  has  given  rise  to 
so  much  manufacturing. 

In  some  cases  streams  have  been  turned  into  other  river  sys- 
tems. Before  the  glacial  period  the  upper  Ohio,  above  Wheeling 
(Fig.  295),  flowed  into  Lake  Erie  valley  through  the  Grand  River ; 
and  the  Allegheny  is  made  by  the  union  of  two  streams,  one  of 
which  entered  the  Lake  Erie  valley  west  of  Erie,  Pa.,  the  other 
east  of  Dunkirk,  N.Y.  The  present  St,  Lawrence  system  has  also 
been  made  by  the  union  of  several  independent  parts. 

Could  we  restore  the  pre-glaciat  drainage  of  the  United  States, 


Fio.  210.  — Compare  tliia  map  with  one 
of  the  preaent  drainaKS.  For  pur- 
pose of  comparison,  make  a  flketcli 
map  of  the  preaent  drainage  from  a 
geography  map. 
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it  would,  in  thouBanda  of  eases,  be  found  different  from  the  pres- 
ent. Some  of  these  changes  have  been  of  great  importance ;  for 
example,  how  different  would  have  been  the  history  of  Pittsburg 
if  there  had  been  a  waterway  to  the  north  (Fig.  295)  instead  of  to 
the  southTrest!  How  different  would  have  been  the  history  of 
Ciucinnati  if  the  Ohio  flawed  paat  it  as  a  small  stream  without  its 
great  tributaries,  the  Allegheny  and,  Monongabela  1  And  what  a 
contrast  there  would  be  where  Buffalo  and  the  other  lake  cities 
stand  if  glacial  changes  had  not  united  streams  and  caused  lakes 
in  the  valleys  of  the  St.  Lawrence  system  1 

Of  the  tens  of  thousands  of  lakes  in  the  glacial  region,  the 
great  majority  are  due  to  some  interference  of  drift  deposits 
with  drainage  (Figs.  297-300).  This  is  true  of  the  small 
ponds  and  lakes,  of  which  there  are  said  to  be  10,000  in 
Minnesota  alone ;  and  it  is  true  of  the  many  large  lakes. 
Even  the  basins  of  the  Great  Lakes,  caused  in  part  by  glacial 
erosion  and  changes  in  level  of  the  land,  owe  a  portion  of 
their  depth  to  dams  of  glacial  drift.  What  an  important 
difference  it  would  make  in  the  cities  and  industries  of  north- 
ern United  States  if  glacial  action  had  not  caused  the  lakes 
which  dot  the  surface  ! 

Sununaiy.  —  TTie  ice  sheet  caused  many  changes,  mciking  some 
regions  rougher  than  before,  others  smoother;  it  changed  the  »oil, 
causing  it  to  differ  greatly  from  place  to  place;  by  turning  streams 
aside,  it  led  lo  the  formation  of  Tiiany  gorges  and  viaierfails;  it  has 
even  turned  streams  into  ot!ier  systems;  and  it  has  nuuje  t?iouMnda 
of  lakes,  great  and  small. 

Topical  Outline,  Questions,  and  SuooESTioira. 

Topical  Outline.  — 99.  Valley  Glaciera.  —  (a)  Formation;  snow 
field;  movement  of  snow;  n^v^;  formation  of  ice;  eit«iiBion  of  ice 
tongue,  (b)  Movement:  nature;  rate;  glacial  eroaion.  (c)  Moraines: 
lateral;  medial;  crevasses;  ice  falls;  movement  of  materials  to  bottom; 
ground  moraine;  terminal  moraine,  (it)  Wash  depositg:  source  of 
water;  of  sediment;  rock  flour;  nature  of  deposit 

100.  GUciera  of  Alaska.  —  (a)  Muir:  tributaries;  front;  withdrawal. 
(h)  Malasptna:  form;  size;  movement;  surface  condition. 

i_S'^ 
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101.  DiattibntiOD  of  Valle;  OUciera.  —  Europe ;  North  America,— 
Mexico,  United  Slates,  Canada,  Alaska;  Arctic;  southern  hemisphera. 

102.  Fonner  Bxtonsiaii  of  Valley  Glaciers.— (a)  Instances.  (A)  Evi- 
dence: erratics;  etrite;  riioraines;  till;  nash  deposits,  (c)  Ice  erosion 
roches  moutoDii^eB;  rock  basins;  cirques;  hanging  valleja. 

103.  The  GreenlAiid  Ice  Slieet  —  (o)  General  condition  :  topographj 
coast ;  valley  glaciers ;  area  of  ice ;  meaning  of  ice  sheet,  (i)  The  ice 
elieet:  interior  (»>ndition;  outward  motion;  nunataks;  valley  tongues 
size;  movement;  icebei^.  (c)  Rock  materials:  on  the  surface;  at  the 
base;  erosion;  deposits  at  margin,     (if)  Former  extension. 

1(14.   Other  Ice  Sheets.  —  Antarctic;  islands  of  Arctic. 

105.   Fontution  of  Icebergs.  —  Causes;  effects;  outward  movement. 

100.  Fonner  Ice  Sheets  in  Europe  and  America. —  (q)  Extent:  Europe; 
America;  continental  glaciers,  (t)  Proofs:  stiiK;  erratics;  ice  ero- 
sion; glacial  depositfi;  glacial  drift,     (c)   Agassiz's  explanation. 

107.  Cause  of  the  Glacial  Period.  —  Land  formerly  higher;  probable 
result;  retreat  of  ice ;  time  since  ice  withdrawal. 

108.  Termiiul  Moraines. —  Cause;  form,  size,  kettles;  composition; 
lobate  moraines ;  moraines  of  recession. 

109.  Stratified  Drift  — Nature  of  stratified  drift;  wash  plains; 
kames;  kettles;  eakers  ;  sand  plains. 

110.  Ice-dammed  Lakes.  — Cause;  Great  Lakes,  — early  stages, changes 
in  outflow,  beaches,  lake  clays;  changes  of  level, — evidence,  effect  on 
outflow,  present  changes. 

111.  Loess. — Nature;   occurrence;  cause. 

112.  The  Till  Sheet.  —  Distribution;  nature  of  material;  variation  in 
thickness;  variation  in  bowlders ;  reason  for  variation;  bowlder  trains. 

113.  Dnunlins.  —  Size;  shape;  cause;  occurrence. 

114.  GlacU  EnMlon.  —  Strice;  north  slopes;  roches  moutonn^es; 
scratched  pebbles ;  nature  of  the  ice  erosion  j  effect  in  valleys;  illustra- 
tions; rock  basins- 

115.  Bffects  of  the  Ice  Sheet.  —  (a)  On  the  land  surface :  irregular  sur- 
faces; smooth  surfaces;  prairies,  (b)  On  soil:  differences;  strength 
ot  glacial  soils,  (e)  On  streams:  formation  of  gorges  and  falls;  in- 
stances; effect  on  manufacturiugi  complete  turning  aside  of  streams;  im- 
portance of  this,  (e)  On  lakes:  cause;  numbers;  Great  Lakes ;  importance. 

QUBBTIONB.- 99.  What  w  the  snow  field?  What  is  the  nature  and 
origin  of  the  n6v6?  What  is  a  valley  glacier?  Why  does  it  extend  down 
the  valJey  ?  How  does  the  ice  move  ?  What  is  happening  at  its  bottom  ? 
What  are  lateral  moraines?  Medial  moraines?  Crevasses?  Ice  falls? 
What  descends  through  the  crerasaes?  What  is  the  ground  morainel 
Terminal  moraine?    Account  for  the  wash  deposits. 
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100.  Describe  the  Muir  gl&cier.    The  Malaspina  glacier, 

101.  Where  are  the  glaciers  {ound  ?     In  what  zones! 

102.  Where  did  valley  glaciers  formerly  exist?  What  are  erratics? 
What  is  till?  Why  is  it  unstratified?  What  work  of  erosion  did 
ancient  glaciers  perform  ?  What  are  rochea  moutonn^B  1  Rock  basins? 
Hanging  valleys?     State  the  evidences  of  former  valley  glaciers. 

103.  What  ia  the  condition  of  Greenland?  What  is  an  ice  sheet? 
What  is  the  condition  in  the  interior?  How  does  the  ice  sheet  move? 
Wiiat  is  the  condition  at  its  margin?  How  are  rock  materials  carried? 
What  deposits  are  being  made  ?     State  the  evidence  of  former  extension. 

104.  Where  else  are  ice  aheeta  found? 

105.  What  ai-e  the  causes  foriceberga?     Why  do  they  drift  away? 

106.  Where  were  there  former  great  ice  sheets?  What  evidence  is 
there  of  former  glaciation?  Why  are  the  deposits  called  glacial  drift? 
Who  proposed  the  theory  of  the  Glacial  Peiiod?    Why? 

107.  What  is  the  most  probable  explanation  of  the  glacial  periodl 
How  did  the  ice  advance?     Why  did  it  retreat? 

108.  What  are  the  characteristics  of  terminal  moraines?  What  ara 
lobate  moraines?     Moraines  of  recession? 

109.  What  is  the  caiise  of  stratified  drift?  What  are  the  following: 
wash  plains,  kames,  kettles,  eskers,  sand  plains? 

110.  What  changes  occurred  as  the  ice  melted  from  the  Great  Lakes? 
What  deposits  were  made?  What  evidence  is  there  of  change  in  level  of 
the  land?    State  the  past  and  possible  future  effects. 

111.  What  is  loess?    How  formed?     Where  found? 

113.  What  is  the  principal  soil  of  the  glacial  region?  Where  is  it 
found?    How  does  it  vary?    Why? 

IW.  What  are  drumlins?    How  do  they  vary?    Where  found? 

114.  What  proofs  of  glacial  erosion  are  there?  What  were  its  effecta 
on  the  valleys?    Give  illustrations. 

115.  What  effects  had  the  ice  sheet  on  surface  features  of  the  land  ? 
On  soil?  On  stream  courts?  Give  instances  of  streams  turned  into 
other  systems.    What  effect  had  tlie  ice  on  lakes? 

SuGQKSTioNS.  —  (1)  Cut  out  a  square  block  of  ice  and  float  it  in 
water.  Measure  it  to  see  what  proportion  is  above  water.  Place  the 
same  block  in  salt  water  and  measure  the  projwrtion  above  water.  (2)  In 
a  box,  the  end  of  which  can  be  removed,  place  thin  layers  of  snow  inter- 
spersed with  sheets  of  mixed  gravel,  sand,  and  clay,  placinga  much  greater 
amount  in  the  part  from  which  the  end  of  the  boi  is  to  be  removed. 
Compact  it  as  tightly  as  possible,  then  allnw  it  to  free?*.  Remove  the 
end  of  the  box,  allow  the  ice  to  melt,  and  walcli  the  result.  Does 
a  moraine-like  accumulation  form  at  the  front?    Does  the  snrfaoe  of 
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the  ice  eventuallj  become  covered  with  sand?  A  lai^e  number  of 
glacial  phenomena  caii  be  imitated  bj  a  little  ingenuity,  —  for  exam- 
ple, cutting  crerasaes,  boring  a  tunnel  at  the  bottom  of  the  ice,  and 
sprinkling  Ibe  ice  surface  to  supply  water.  The  stream  that  issues  from 
the  tunnel  may  be  made  to  build  wash  deposits  on  a  moderate  slope; 
or  to  build  sand  plains  in  temporary  lakes  along  the  ice  margin,  etc. 
(3}  Imitate  moraine  topography  by  dumping  small  pailfuLs  of  sand  in 
piles  close  together.  (4)  la  your  liome  in  the  glacial  belt?  If  so,  what 
effects  of  the  glacier  can  you  find  in  the  ueighborhood,  either  by  a  study 
of  the  topographic  map  or,  better  still,  on  a  field  excursion  ?  Is  the  soil 
till  or  stratified  drift  ?  To  answer  this  question  look  for  cuts  and  study 
tliem  carefully.  If  till,  look  for  scratched  stones.  If  stratified,  why  are 
^e  pebbles  rounded  and  the  scratches  gone  ?  Look  for  glacial  scratches 
on  recently  uncovered  exposures  of  bed  rock.  What  is  their  direction? 
Are  the  bowlders  and  pebbles  all  of  the  same  kind  as  the  bed  rock  ?  Do 
you  know  if  any  of  them  could  have  come  from  ledges  in  the  direction  in 
which  the  strice  point?  Cazi  you  find  moraines,  kames,  eskers,  or  drum- 
lins?     If  BO,  study  them,  —  their  form  and  the  nature  of  the  material. 

Keference  Books.  —  Russei.i.,  Glaciers  of  North  Ainerlci,  Ginn  k  Co., 
Boston,  1897,  11.75;  Tabu,  Physical  Geography  of  New  York  Stale, 
Chapters  IV  and  VIII,  Macraillaii  Co.,  N.Y.,  im,  »3.50;  Whight,  Ice 
Age  in  North  America,  Appleton  Si  Co.,  N.Y.,  4th  ed.,  1902,  «5.00;  Man 
and  the  Glacial  Period,  Appleton  &  Co.,  N.Y.,  1892,  ♦1.75;  Bonnev,  Ice 
Work,  Past  and  Present,  Appleton  &  Co.,  N.Y.,  1896,  #1,50;  Geikib,  The 
Great  Ice  Age,  Appleton  &  Co.,  N.Y.,  M  ed.,  189i,  $7.60;  Tyndall, 
Glaciers  of  the  Alpi,  Longmans,  (ireen  &  Co.,  N.Y.,  18B0,  f-2.50 ;  Shaler 
and  Davis,  Glaciers,  Houghton,  Mifflin  &  Co.,  Boston,  1881,  *10 ;  Lubbock, 
The  Seenerg  of  Sicilzerland,  Macmillan  Co.,  N.Y.,  1808,  fl.50;  Salis- 
bury, Glacial  Ge<A,ngg,  Vol.  V,  1902,  New  Jersey  Geological  Sui-vey, 
Trenton,  N.  J.;  Nansejj,  Viral  Crossing  of  Greenland,  Longmans,  Green 
&  Co.,  N.Y.,  1892,  11.25;  Peary.  Norlhicard  orer  the  Great  Ice,  P.  A. 
Stokes,  N.Y.,  1898,  $6.50;  Dkyeh,  Slwlien  in  Indiana  Geography,  Inland 
Publishing  Co.,  Terre  Haute,  Ind.,  1837, 11.25.  U.  S.  Geological  Survey 
as  follows  :  RussELi,  Exi.ilitiff  Glaciers  of  United  Slates,  5th  Annual, 
p.  309;  Malaspina  Glacier,  13th  Annual,  p.  7;  Reid,  jlfuir  Glacier,  16th 
Annual,  p.  421;  Chamberlik,  Terminal  Moraine,  3d  Annual,  p.  295; 
Stria,  7lh  Annual,  p.  155;  Leverett,  Illinois  Glacial  Lobe,  Monograph 
XXXVIII;  Glacial  Formations,  etc.,  of  the  Erie  and  Ohio  Bofins,  Mono- 
graph XLI;  Stone,  Glacial  Grareh  of  Maine,  Monograph  XXXIV; 
Upham,  Glacial  Lake  Agaisiz,  Monograph  XXV. 
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LAKES. 


116.  Origin  of  Lake  Baslos-  —  A  lake  is  a  body  of  water 
occupying  a  b»sin  or  depression  on  the  surface  of  the  laud. 
Lakes  form  parts  of  river  systems,  but  their  basins  are  not 
usually  made  by 
the  rivers.  In  their 
work  of  valley  cut- 
ting, rivers  tend  to 
establish  regular 
slopes,  and  they 
are  capable  of  mak- 
ing only  small  ba- 
sins :  for  example, 
pot  holes  (p.  54) 
and  oi-bow  lakes 
(p.  68).  Rivers 
could  not  make 
deep  basins  be- 
cause water  would 
gather  in  them  and 
check  the  current. 
The  majority  of  lake 


Flo.  2at.— Two  diagramB  of  the  swne  valley.  In  the 
lower  flf[Dre  a  lake  haa  been  formed  bj  downfold- 
iitg,  or  watplag,  of  lu  botiom. 


thus  taking  away  its  cutting  power. 

basins  are  formed  by  dams  across  stream  valleys. 

Most  of  the  leading  causes  for  lake  basins  have  already  been 
stated.  (See  pages  55,  60,  63,  67,  76,  78,  96,  97,  103,  121,  123, 
130,  131,  142,  148,  149,  154,  and  156.)  Make  a  list  of  these 
causes.    From  it  you  will  see  that  there  are  various  reasons  whf 
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lo.  298.  — L«ks  Cayntcft,  Mtitral  New  York,  i.  ■cnpylng  k  river  Talley  broad- 
ened and  deepened  b;  glacial  eroslua  and  dunmed  at  one  sDd  by  drilt 
deposits. 
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dams  may  be  made  across  stream  valleys,  chaaging  them  to  lake 
basins.  By  tar  the  most  important  of  these  causes  are  the  glacial 
dams  which  have  so  recently  interfered  with  the  drainage  of  large 
areas  of  Europe  and  America.  Many  lakes,  such  as  the  Great 
Lakes  (p.  156),  are  due  to  a  combination  of  two  or  more  causes. 
There  are  still  other  causes  than  those  already  stated  for  lakes 
and  ponds.  For  example,  beavers  build  dams  of  wood  and  mud 
across  streams  to  make  swamps  and  ponds  for  their  homes  and 
feeding  grounds.  Mdq  is  now  oue  of  the  most  important  agents 
in  the  making  o'  -  V^si^'s.  To  supply  water  for  power,  for  the 
use  of  cities,  and  i  irrig?  jn,  men  are  making  ponds  and  lakes 
in  many  parts  of  the  earth. 

Summary.  —  Ixike  basins,  thmigh  parts  of  river  systems,  are  not 
generally  formed  by  the  rivers,  but  by  some  interference  unth  drainage, 
vsually  by  some  kitid  of  dam.    Man  is  iww  making  many  lakes. 

117.  Size  and  Form  of  Lakes.  —  Tliere  is  every  gradation 
from  mere  ponds  to  the  largest  of  lakes.  Some  are  very 
shallow ;  others  have  great  deptli ;  in  many  the  bottom  is 
below  aea  level;  and  even  the  surface  of  some,  like  Dead 
Sea,  is  below  sea  level.  The  following  tables  give  some 
facts  regarding  the  size  and  depth  of  certain  large  lakes. 
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SoMB  OF  THE  Largest  Lakes  ik  the  World. 
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The  great  majority  of  lakea'  are  longer  in  one  direction 
than  in  others.  The  explanation  of  this  fact  is  that  they 
occupy  parts  of  river  valleys,  and,  therefore,  have  a  long  axis 
in  the  direction  of  the  valley.  If  tlie  water  rises  into  tribu- 
tary valleys,  the  outline  of  the  lake  becomes  irregular,  as  in 
the  case  of  Lake  Champlain.  Because  the  basin  which  they 
occupy  is  round,  some  lakes  are  nearly  circular.  This  is 
true,  for  instance,  of  crater  lakes  (Figs.  21S,  216,  225),  sink- 
hole lakes  (p.  60),  and  kettle-hole  ponds  (Fig.  294). 

Deltas  built  out  into  lakes  help  to  make  them  irregular; 
and,  on  the  projecting  deltas,  towns  and  villages  are  often 
placed  (Figs.  107,  297).  Deltas  at  the  head  of  lakes,  where 
the  Inlet  streams  enter,  sliorten  the  lake. 

On  the  other  hand,  waves  tend  to  straighten  lake  shores 
by  cutting  back  headlands  and  building  beaches,  which  often 
shut  in  email  bays,  transforming  them  to  ponds  (Fig.  870). 
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Fio.  301.  —  A  mitp  showing  the  aiteni  of  ancient  I^ke  Bonneville,  as  Indicated 
by  tbs  beachea  and  other  ihore  lines  □□  the  SQiroundlng  mnunlaln  alopes. 
llie  prenent  Oreat  Salt  lAke  li  shown  occnpflng  a  pact  ot  the  desert  plato  od 
tbs  site  of  this  extinct  lake.  i^'" 


LAKES  AND   SWAMPS.  163 

SanuDaiy. — Lakes  vary  greatly  in  she,  depth,  and  form;  but 
most  lakes  are  long,  because  they  occupy  parts  of  river  valleys. 
Deltas  on  tlte  sides  of  lakes  make  them  irregular;  but  waves  tend 
to  straighten  the  shorea. 

118.  Salt  Lakes.  —  The  largest  lake  in  the  world,  the 
Caspian  Sea,  is  salt.  It  receives  an  enormous  inflow  of  fresh 
water  from  the  Volga  and  other  rivers:  but  in  that  dry 
climate,  evaporation  ia  so  rapid  that  the  water  does  not  fill 
the  basin  and  overflow.  Its  surface  is  about  85  feet  below 
sea  level. 

Dead  Sea,  whose  surface  is  1300  feet  below  eea  level,  is 
one  of  the  saltest  lakes  in  the  world,  being  nearly  a  quar« 
ter  salt,  although  entered  by  the  fresh-water  Jordan. 

Great  Salt  Lake  is  about  one  fifth  salt ;  and  this  amount 
so  increases  the  density  of  the  water  that  a  man  cannot  sink 
in  it.  Where  the  water  has  risen  over  the  low  plain  sur- 
rounding the  lake,  and  evaporated,  the  ground  is  incrusted 
with  salt ;  and,  by  leading  the  water  into  shallow  basins,  and 
allowing  it  to  evaporate,  salt  for  use  is  obtained. 

The  explanation  of  salt  lakes  in  dry  climates  is  as  follows : 
Streams  carry  salt,  gypsum,  carbonate  of  lime,  and  other 
mineral  substances  in  solution  (p.  51).  Where  lakes  have 
outflows,  these  substances  are  in  part  borne  away  by  the 
outlets;  but  in  arid  climates  evaporation  is  so  great  that 
the  lakes  cannot  rise  and  overflow  the  rims  of  their  basins. 
Therefore,  while  the  water  is  removed  by  evaporation,  tlie 
mineral  substances  are  left,  and  the  water  grows  gradually 
Salter.  If  evaporation  continues  long  enough,  there  will  be 
80  much  salt  that  some  of  it  must  be  deposited  on  the  bot- 
tom. Great  Salt  Lake  is  not  yet  salt  enough  for  this ;  hut 
carbonate  of  lime  is  being  deposited. 

In  the  Great  Salt  Lake  basin  there  are  wonderfully  perfect 
deltas,  beaches,  and  wave-cut  cliffs  on  the  mountain  sides,  hun- 
dreds of  feet  above  the  valley  bottom.    By  tracing  these  shore 
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lines  it  is  found  that  a  gi-eat  fresh-water  lake,  now  named  Lake 
Bonneville  (Fig.  301),  formerly  filled  thia  basin,  overflowing  into 
the  Columbia.  Its  area  was  as  great  as  that  of  Lake  Uaron, 
and,  on  the  site  of  Salt  Lake  City  (Fig-  133),  the  water  was  over 
11)00  feet  deep.  Gi-eat  Salt  Lake  is  the  shrunken  descendant 
of  Lake  Bonneville,  occupying  a  shallow  depression  on  the  lake- 
bottom  plain.  Ill  other  arid  regions  there  is  evidence  of  foiToer 
periods  of  greater  moisture. 

Summuy. — Salt  lakes,  common  in  arid  i-eglons,  are  due  to  (lie 
fact  that  evaporation  preveikla  the  water  from  rising  to  a  point  of 
overflow,  and,  by  removing  the  water,  leaves  behind  sait  and  other  dis- 
solved mineral  substances.  Elex'ated  shore  lines  around  the  basin  of 
Great  Salt  Lake  prove  former  periods  of  greater  moistare. 

119.  Life  HiBtory  of  Lakes- — Some  lakes  disappear  by 
the  sudden  removal  of  the  <lam,  as  in  tlie  case  of  glacial 
lakes  (p.  149);  others,  like  Lake  Bonneville,  disappear  hy 
evaporation.  But  most  lakes  have  a  different  life  history, 
being  destroyed  partly  by  filling,  partly  by  cutting  down  at 
the  outlet.  Cutting  at  the  outlet  is  usually  slight,  because 
the  sediment  has  been  filtered  out  in  the  quiet  lake  water, 
thus  robbing  the  outlet  stream  of  tools  for  erosion.  This 
ia  illustrated  by  Niagara  River,  which,  though  emerging 
from  Lake  Erie  with  great  volume,  has  been  able  to  do 
little  more  than  cut  a  shallow  valley  in  the  loose  glacial 
drift  (Fig.  483). 

Every  stream  that  enters  a  lake  is  bringing  to  it  sediment 
which  is  helping  to  fill  the  basin  ;  and  the  waves,  winds, 
and  rain  wash  add  to  this  sediment  supply.  The  finer  rock 
fri^ments  are  carried  out  into  the  lake  and  strewn  over  its 
bottom,  while  the  coarsest  fragments  are  deposited  near  the 
shore,  especially  opposite  the  stream  mouths,  building  deltas. 
(Figs.  107,  293,  297.) 

As  soon  as  part  of  a  lake  becomes  shallow  enough,  vege- 
tation commences  to  grow  in  the  quiet  water  (Figs.  803, 
306").     The  death  of  these  plants — including  lilies,  reeds. 
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cane,  and  sphaguum  moss  —  supplies  further  material  for 
lake  filling.  Gradually  the  lake  is  replaced  by  a  swampy 
plain  (Kig.  304),  the  upper  layers  of  which  are  made  of 
vegetable  remains. 

Over  this  swampy  plain  the  streams  meander^  gradually  build- 
ing it  higher  by  flood  deposits  until  it  becomes  a  dry-land  plain. 
During  its  existence,  a  lake  acts  as  a  temporary  base  level,  below 
which  the  incoming  streama  cannot  cut.  But  when  a  lake  is 
filled,  the  outlet  stream,  being  no  longer  robbed  of  its  sediment,  is 
able  to  cut  more  rapidly ;  and,  as  the  outlet  stream  deepens  its 
valley,  opportunity  ia  given  for  the  streams  on  the  lake  plain  to 
cut  valleys.  Then  the  sediment  with  which  the  lake  basin  has 
been  filled  is  slowly  removed.  In  the  glacial  belt  there  are 
many  illustrations  of  partly  or  completely  tilled  lakes  and  ponds; 
and  among  mountains  every  gi-adation  in  lake  destruction  is 
found,  even  to  the  point  where  all  lake  sediment  has  been  removed. 

Summary.  —  Lakes  are  normally  removed  by  combined  aitting  at 
the  outlet  and  JUling  wUh  sediment ;  bat  down-cutting  cU  the  outlet  is 
usually  alight  because  the  outflowing  streams  have  little  sediment. 
Plant  growth,  and  the  Jtoods  of  streams  that  fiow  over  the  swampy 
plain,  accomplish  tlie  final  stage.  When  filling  is  complete,  the  streams 
ore  able  to  cut  into  these  lake  beds  and  remove  them. 

120.  Importance  of  Lakes.  —  Lakes  are  highly  important  as 
resorts  for  people  in  search  of  rest  and  recreation.  The 
beautiful  scenery,  cool  climate,  boating,  bathing,  and  fishing 
attract  thousands  of  people  each  summer  to  the  Great 
Lakes,  Lake  George,  Lake  Champlain,  and  the  lakes  of  the 
Adirondacks,  the  Catskills,  and  New  England. 

Lakes  have  a  decided  influence  on  climate.  In  summer  the 
water  warms  less  rapidly  than  the  land,  and  this  cools  the 
air  over  the  lakes.  In  winter,  on  the  other  hand,  when 
the  land  is  frozen  and  snow  covered,  deep  lakes  are  open  and 
the  temperature  is,  therefore,  above  freezing  point.  This 
open  water  acta  like  a  great  stove,  raising  the  temperature 
of  the  air,  which  winds  carry  to  the  neighboring  land. 
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The  lake  water  waima  bo  slovly  in  spring  that  its  presence 
chills  the  land  near  by  and  retards  the  buds  of  plants.  It  also 
helps  to  prevent  late  spring  frosts.  This  is  very  important  to 
delicate  plants,  like  some  of  the  fmits,  which  are  greatly  injured 
by  frosts  late  in  spring  after  the  buds  have  appeared.  The 
water,  warmed  in  summer,  also  tends  to  prevent  early  autumn 
frosts,  and  thus  the  growing  season  for  delicate  plants  is  pro- 
longed. For  these  reasons  lake  shores  are  often  the  seat  of 
important  fruit-raising  iudustries.  This  is  well  illustrated  on 
the  shores  of  the  Great  Lakes.  One  of  the  best  vineyard  regions 
of  the  United  States  is  along  the  south  shore  of  Lake  Erie; 
and  the  peninsula  of  Ontario,  between  Lakes  Erie,  Ontario,  and 
Huron,  has  so  moderate  a  climate  that  peaches  and  tobacco  are 
grown.    A  similar  influence  is  felt  all  along  the  Great  Lakes. 

Lakes  are  eui  important  source  of  fooil  fish.  They  are  also  a 
source  of  ice,  which  may  be  stored  for  use  in  summer.  To  freeze 
shallow  lakes  does  not  require  great  cold ;  but  large,  deep  lakes 
rarely  freeze.  The  reason  for  this  fact  is  that,  until  a  tempera- 
ture ofi39*  is  reached,  fresh  water  becomes  steadily  heavier  and 
sinks.  ./It  is,  therefore,  necessary  to  lower  the  temperature  of 
the  eulire  lake  to  39°  before  the  surface  freezes.  The  settling 
of  cold  water  in  winter  gives  to  the  bottom  of  deep  lakes  a  tempera- 
ture of  39°  throughout  the  year.   / 

Lakes  are  also  of  great  valu$  in  navigation.  In  early  days 
the  Great  Lakes  were  of  the  highest  service  as  pathways  for 
the  explorers  of  the  wilderness;  to-day  they  are  thronged 
with  ships  going  in  all  directions.  By  this  lake  navigation 
and  commerce  the  location  of  several  great  cities  has  been 
determiaed  —  Duluth,  Milwaukee,  Chicago,  Detroit,  Toledo, 
Cleveland,  Buffalo,  Toronto,  and  others  (p.  818). 

The  building  of  railways  into  the  interior  of  Africa  is  now 
opening  up  the  great  African  lakes  to  navigation.  They  have 
already  been  important  factors  in  the  development  of  tropical 
Africa,  and  were  traversed  by  steamboats  even  at  the  time  when 
it  was  necessary  for  all  the  machinery  to  be  carried  to  them  on 
the  backs  of  men. 
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Fra.  3M.  —  A  fillad  poDd  In  the  Adlrondacks,  showtng  the  swamp  pUio  and  tb« 
Btream  croMiag  It.  It  Is  eClU  too  swamp;  tai  treoa  M  grow.  {Copyright, 
8.  R.  StoddBid,  1BB8.) 
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As  storage  basins  and  regulators  of  water  supply,  lakes  serve 
still  another  important  purpose.  While  the  volume  of  such 
rivers  as  the  Mississippi  varies  with  the  rainfall,  the  lake- 
fed  Niagarii  and  St.  Lawrence  maintain  a  very  uniform  flow. 
It  is  because  they  store  large  quantities  of  water  for  steady 
supply  that  lakes  and  ponds  are  so  useful  for  city  water  sup- 
ply, for  factories,  and  for  irrigation.  The  fact  that  sediment 
settles  in  lakes  makes  them  of  further  value  in  supplying 
clear  drinking  water,  even  though  entered  by  very  muddy 
streams.  Indeed,  ponds  are  often  made  part  of  a  city  water 
supply  for  this  very  purpose  of  removing  sediment. 

The  drying  np  of  salt  lakes  leaves  beds  of  salt,  some  of  which 
are  found  on  the  surface  of  arid  lands,  as  in  western  United 
States ;  others  are  buried  deep  in  the  earth.  Dried-up  salt  lakes 
also  supply  other  mineral  substances,  one  of  the  most  important 
being  gypsum,  which  is  used  for  plaster  of  paris,  land  fertilizer, 
and  the  "  chalk  "  of  crayons. 

Sninnuiy, — Lakes  are  iiapmianl  ai  resorts;  they  have  decided 
influence  on  the  climate  of  near-by  land;  they  are  a  source  of  ice; 
they  supply  food  fish;  they  are  very  useful  for  navigation;  (hey  act 
(u  storage  reservoirs  for  a  steady  supply  of  water,  and  as  settling 
basins  for  sediment;  and  dried-up  salt  lakes  furnish  beds  of  icUt, 
gypsum,  and  other  mineral  substances. 

SWAMPS. 
121.  Causes  of  Swamps. — A  swamp  is  a  damp  place  on 
the  iaiid,  not  ordinarily  covered  by  standing  water.  It  is 
caused  by  some  interference  with  the  run-off  of  water,  such 
as  a  gen^e  slope,  or  the  growth  of  swamp-loving  vegetation. 
One  of  the  most  common  causes  of  swamps  is  the  filling  of 
lakes,  forming  aurfa<;es  so  level  that  swamp  plants  grow  there 
in  abundance.  During  the  stages  of  lake  filling,  swamps  are 
formed  on  deltas,  in  bays,  and,  if  the  lake  is  small,  even  along 
the  shores  (Figs.  303,  306)  ;  and,  when  completely  tilled,  the 
lake  is  replaced  by  a  swamp  (Fig.  304). 
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In  cool,  damp,  temperate  climates,  the  most  important 
swamp -producing  plaut  is  tlie  sphagnum  moss,  which  forma 
<peat  bogs.  Sphagnum  often  grows  out  from  the  shorea  of 
small,  shallow  ponds,  floating  on  the  surface  (Fig.  S05),  and, 
by  the  decay  of  its  lower  parts,  causing  a  deposit  of  vege- 
table muck  on  the  bottom.  Eventually  the  sphagnum  may 
reach  entirely  across  a  pond,  with  growing  plants  above  and 
a  thick,  liquid  mass  of  decaying  vegetation  below.  It  is 
then  called  a  quakiTig  bog  (Fig.  305),  because  it  trembles,  or 
quakes,  under  the  foot.  If  one  sinks  into  the  muck  below, 
escape  is  impossible.  Very  perfect  remains  of  extinct  ani- 
mals and  even  of  men  have  beeD  found  in  the  peat  bogs  of 
Ireland  the  decijmg  vegetation  forming  preserving  acids 
which  interfere  with  decay. 
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Fia  SOS  —  To  show  th«  Kranrlh  of  iphagnnm  mon  ont  [rom  the  »hore,  forming  k 
qu&klDK  bog.  In  time  the  mon  train  the  tHiea  irill  meet,  enmpletel;  IdcIosidk 
the  poDd,  BDd,  b;  iu  decay,  eoveclng  the  eotice  bottom  with  muck. 

Swampy  or  boggy  places  are  common  on  hillsides  where  springs 
appear,  encouraging  the  growth  of  sphagnum  and  other  swamp 
plants.  Sphagnum  holds  water  like  a  sponge,  and  is  thus  able  to 
grow  some  distance  from  the  spring;  in  fact,  it  may  even  climb 
the  hillside,  making  a  climbing  bog.  In  the  damp  climate  of  Ire- 
land, climbing  bogs  sometimes  become  so  heavy  with  water  that 
they  slide  down  the  hillside,  becoming  "  bursting  bt^,"  by  which 
both  life  and  property  have  been  destroyed. 

The  Aretio  tundra,  in  winter  a  frozen,  snow-covered  desert,  in 
summer  becomes  a  vast  swamp,  wherever  there  is  soil.  The  rea- 
son for  this  is  that  the  melting  frost  makes  tlie  ground  wet,  as  it 
does  in  all  cold  climates  in  spring.  Every  rain  makes  the  tundra 
more  swampy,  partly  because  the  frost  prevents  the  water  from 
soaking  into  the  ground,  and  partly  bpcause  it  helps  the  frost  to 
melt.  In  this  swampy  land  mosquitoes  develop  in  such  numbers 
as  to  become  a  great  pest. 
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The  overflow  of  rivers  causes  swamps  in  low  plaees  on 
Aocdplains,  especially  on  the  low  ground  just  behind  the 
natural  leveea.  These  swamps  are  unfit  for  cultivation 
and  are  occupied  by  dense  forests  of  cypress,'  black  gum, 
and  other  swamp-loving  trees  (Fig.  308).  Swampa  are  also 
found  along  the  lower  courses  of  rivers,  where  the  river 
water  is  backed  up  by  the  tide  and  caused  to  overflow  low 
•  land  (Fig.  121). 

Level  coastal  plains  (p.  72)  often  have  so  gentle  a  slope 
that  the  water  cannot  run  off ;  and  the  drainage  is  further 
interfered  with  by  the  rank  growth  of  vegetation  which  the 
water  encourages.  Such  swamps  are  found  on  the  coastal 
plain  of  Texas  and  in  Florida  (Figs.  78,  79),  especially  in 
the  Everglades  region.  The  famous  Dismal  Swamp  on  the 
coastal  plain  of  Virginia  and  !N^orth  Carolina  is  another 
illustration  (Fig.  307).  By  clearing  off  the  vegetation,  and 
cutting  ditches  for  the  water  to  run  through,  parts  of  Dismal 
Swamp  have  been  drained. 

Katurally  there  are  few  Bwainps  in  arid  lands;  bnt  some  are 
found  near  springs  and  on  the  river  floodplains,  Tliere  are  also 
marshy  places  —  alkali  flats  and  saHnea  (p.  87)  —  in  which  only 
a  few  species  of  plants  can  grow.  At  times  of  flood  they  may 
become  shallow,  muddy  lakes,  called  playas;  but,  at  other  seasous, 
evaporation  changes  them  to  hardened  mud,  crusted  over  with 
alkali  and  salt.  When  wet,  the  deep,  sticky  mud  often  makes 
them  quite  impassable. 

Swampa,  or  marshes,  are  alsofound  on  the  seacoast  (pp.  216, 217). 

Sammary.  —  Swampa  are  caused  during  the  JilUng  of  lakes,  one 
form  of  such  swamps  being  the  peat  bog,  formed  by  the  grotvlh  of 
sphafffium  moss,  Sphagnwm  also  makes  sicampy  j>laces  around 
springs,  and  dimhing  bogs  on  hillsides.  The  melting  of  fro^  in 
summer  causes  the  Arctic  tvndra  to  be  sviampy  wkerever  there  is 
•off.  Swamps  also  occur  along  rivers  and  on  level  coastal  plains. 
In  arid  lands,  where  evaporation  causes  a  deposit  of  salt  or  alkali, 
there  are  swampy  tnuUs,  ccUied  alkali  JkUs  and  salines. 
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122.  Effects  of  Swamps.  —  The  dampness  of  swamps  makes 
them  uahealthful ;  and  malaria,  transmitted  by  mosquitoes 
which  breed  in  the  water,  prevails  in  many  swamp  regions. 
In  tropical  regions,  as  along  the  narrow  coastal  plain  of  the 
central  African  coast,  and  in  Central  America,  fever  is  so  com- 
mon that  white  men  suffer  even  in  crossing  the  level,  damp 
lowland.  Because  of  malaria,  parts  of  Italy  have  become 
quite  deserted ;  and  some  of  the  river  bottoms  and  rice 
swamps  of  the  South  have  been  left  to  the  negroes,  who 
suffer  little  from  the  unhealthful  climate. 

Swampy  conditions  unfit  land  for  most  purposes  except 
rice  production  ;  but,  when  drained,  the  rich,  black  soil  is 
very  productive.  For  this  reason,  as  well  as  for  the  sake 
of  health,  swamp  lands  are  being  drained,  where  possible. 
This  has  been  done  much  more  extensively  in  Europe  than 
in  America,  where  land  is  less  valuable.  Tlie  most  exten- 
sive drainage  has  beea  carried  on  in  the  Netherlands,  where 
the  low,  swampy  delta  of  the  Rhine,  and  even  part  of  the 
shallow  sea  bottom,  have  been  protected  by  dikes,  and  drained 
by  pumping.  About  one  half  of  the  Netherlands  is  reclaimed 
land,  a  large  part  of  it  being  below  sea  level. 

The  salines  of  arid  lands  have  valuable  stores  of  salt ;  and  the 
peat  boga  of  cool  temperate  climates  are  important  sources  of 
fuel.  Coal  and  wood  are  so  abundant  in  America  that  this  source 
of  fuel  is  scarpely  touched ;  but  in  northern  Europe  It  is  a  very 
important  fuel,  being  cut  out  with  spades  (Fig.  309)  and  dried 
and  stored  for  winter.  Coal  beds  are  similar  swamp  deposits, 
maile  ajjes  afjo,  and  covered  and  preserved  beneath  thick  beds  of 
sediment.  The  swamp  deposits  of  Florida  would,  if  covered  with 
layers  of  sediment,  slowly  change  to  coal. 

Summary.  — Swamps  are  nnheallkfiil,  hfhig  a  source  ofmaSaria; 
they  are  of  little  value  mtlesn  drained;  but  the  saJines  stipplrf  salt, 
and  the  peat  bogs  fuel.  Coal  is  made  of  siramp  deposits,  slotrl^ 
changed  to  mineral  and  preserved  beneath  beds  of  aedtToent. 


Ro.  306.  — A  lake  In  the  AdlmndBcks  (Firtb  lake,  Fulton  Cbaia)  in  wblcb 
vegetation  !■  aiding  in  filUog.     B7  UiU  tbe  lake  shores  bave  been  changed 


—  A  view  in  the  Dismal  Swamp.     Tbe  cypreu  knees  and  roots  an 

teen  rising  to  a  level  above  tbe  reach  al  high  warn. 
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Topical  Outline,  Quebtions,  and  Suogestiokb. 

Topical  Outline.  — 116.  Origin  of  Laie  Baaina.  —  Definition;  im- 
possibility of  formation  of  large  basiDS  by  rivers;  causes  for  lalEes;  most 
important  cause ;  coiiibinatioii  of  causes;  eflect  of  beavers;  of  man. 

117.  Siie  and  Fonu  of  Lakes.  —  Variation  in  size;  in  depth;  loug 
lakes;  iiregnlar  lakes;  circular  lakes;  efiect  of  deltas;  effect  of  waves. 

118.  Salt  Lakes.  — (a)  Instances:  Caspian  Sea;  Dead  Sea;  Great 
Salt  Lake.  (6)  Cause:  source  of  salt;  failure  to  overflow;  increasing 
ultneaa.     (c)  Former  moist  periods :  shora  lines;  Lake  Bonneville. 

lia.  life  Hiatorjr  of  Lalces.  —  Exceptional  causes  for  removal ;  cutting 
at  outlet;  slight  importaoce;  sources  of  sediment;  places  of  deposit; 
effect  of  vegetation ;  change  to  (try  land ;  removal  of  lake  beds. 

120.  Importance  of  Lakes.—  (aj  Summer  resorts:  reason;  instances. 
(6)  Cliniate:  summer  influence;  winter;  spring;  autumn;  effect  on 
vegetation;  illustrations,  (c)  Food  fish.  (rf)  Freezing:  ice;  reason 
why  deep  lakes  do  not  freeze,  (e)  Navigation:  Great  Lakes;  cities; 
African  lakes.  {/)  Water  supply:  effect  on  floods;  storage  of  water; 
settling  of  sediment,     (g)  Dried-up  salt  lakes :  salt;  gypsum. 

131.  Causes  of  Swamps.  —  (a)  Definition,  {b)  h&ke  swamps;  filled 
lakes;  lake  shoi'e  swamps,  (c)  Peat  bogs;  sphagnum;  quaking  bogs; 
animal  remains,  ('i)  Hillside  swamps:  springs;  climbing  boga;  burst- 
ing bogs,  (e)  Tundra  swamps:  in  winter;  in  summer.  (/)  Biver 
swamps:  floodplains;  in  lower  course,  (g)  Coastal  plain  swamps: 
cause;  illustrations;  drainage.  (h)  Arid  land  swamps:  scarcity; 
alkali  flats;  salines;  playa  lakes,     (i)  Seashore  swamps. 

122.  SSects  of  Swamps.  —  Effect  on  health;  effect  on  cultivation; 
drained  swamps;  Netherlands;  supply  of  salt;  of  peat;  origin  of  coal- 

QuCBTiONB.  — 116.  Why  is  it  not  possible  for  rivers  to  excavate  large 
basins?     State  the  causes  for  lake  basins. 

117.  How  do  lakes  vary  in  size  and  depth  7  Inform?  Why?  What 
effects  have  deltas?    Waves? 

118.  What  is  the  condition  of  Caspian  Sea?  Dead  Sea?  Great  Salt 
Lake?     Whatcauses  salt  lakes?     Describe  Lake  Bonneville. 

119.  What  happens  at  the  outlet  of  most  lakes'?  With  what  mate- 
rials are  lakes  filled?     What  is  the  last  st;^  in  tlie  life  history  of  lakes? 

120.  Why  are  lakes  favorite  .inmnier  resorts?  How  does  the  lake 
water  influence  climate?  What  effect  has  this  on  vegetation?  Why  do 
not  deep  lakes  freeze?  Give  illustrations  of  the  value  of  lakes  in  navi- 
gation. What  effect  have  lakes  on  wafer  supply?  What  important 
mineral  substaoceg  are  supplied  from  diied-up  salt  lakes?  , 
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121.  What  is  a  swamp?  In  what  ways  are  swampa  associated  with 
lakea?  What  are  p«at  bogs  ?  Quaking  bogs?  Climbing  bogs?  Why 
are  tundiaa  awampy  in  summer?  Whei-e  near  rivers  do  swamps  occur? 
Why  are  swamps  common  on  coastal  plains?  Gire  illustrations.  Whftt 
are  alliali  flats  and  salines?    Flayas? 

122.  What  eSect  hare  swamps  on  health?  What  eEFect  h&TC  BWamps 
OD  agriculture  ?  How  may  they  be  made  valuable  ?  What  fuel  is  sup- 
plied from  Bwamps?    What  is  the  origin  of  coal? 

SuuQESTiONS.  —  (1)  Malie  a  valley  in  clay  and  pour  water  into  it.  It 
is  a  stream  valley.  Place  a  dam  across  it  and  make  a  miniature  take. 
What  is  its  shape?  Make  one  or  two  tributaiy  valleys  into  wliich  the 
water  risen.  What  is  tlie  shape  then?  Wash  sediment  into  the  lake  by 
sprinkling  the  sides  with  a  watci'ing  pot.  Notice  the  growth  of  deltas. 
The  lake  may  even  be  filled.  (2)  In  a  deep  jar  of  water,  take  the  tem- 
perature at  the  top  and  bottom.  Pound  up  ice  and  put  it  into  the  jar, 
and  when  it  has  all  melted,  again  take  the  temperature  at  the  top  and  the 
bottom.  Why  ban  the  bottom  water  this  temperature?  Continue  put- 
ting in  ice  until  the  temperature  at  the  surface  is  36°.  What  is  the  tem- 
perature at  the  bott«in  then?  (3)  Place  a  large  dish  of  warm  wat«r  in 
a  cold  room.  Does  the  temperature  of  the  air  change  aa  a  thermometer 
is  brought  near  the  water?  Try  the  same  exiierinieiit  with  a  large  dish 
of  ice-cold  water  in  a  warm  room.  (4)  If  your  home  is  near  a  lake, 
study  it.  Can  you  find  out  what  caused  it?  Does  the  outlet  stream 
flow  in  a  deep  or  shallow  valley?  Are  there  any  deltas?  Where?  Any 
signs  of  filling  by  wavu  action?  Are  there  any  swamps?  What  kinds 
of  plants  grow  on  the  shallow  lake  bottom  and  shore?  (5)  Are  there 
any  swamps  near  your  home?  What  is  llieir  cause?  Is  it  believed  that 
they  are  nnhealthful?  Are  any  of  them  partly  or  wholly  drained? 
How  was  it  done?  What  effect  has  the  draining  had?  (9)  Make  three 
sui-facesof  clay:  (1)  asteepslopK,  (2)  a  plain,  (3)  aplain  with  vegetation 
(made  by  putting  pieces  of  grass  In  it).  Sprinkle  with  water.  Which 
remains  wet  longest?    Why?    Which  dries  first? 

Kcference  Books.  —  Russell,  Lalrei  of  AVM  America,  Ginn  &  Co., 
Boston,  181)5,  H.50;  Tarr,  Phijuical  Gtogrnphy  of  New  York  Slate,  Chap- 
ter VI,  Macmillan  Co.,  N.Y.,  1902,  nioO;  Gilbert,  Late  BonnevHU, 
Mont^rapb  I,  U.  S.  Geological  Survey;  Lake  Boniitoille,  2d  Annual, 
U.  S.  Geological  Snrvey,  p.  169;  Russell.  Present  and  Extinct  Lakei 
of  Nevada,  National  Gengrnpkical  Afnnographi,  American  Booh  Co.,  New 
York,  1895,  9£.50;  Lake  Lakonton,  3d  Annual,  U.  S.  Geological  Survey, 
p.  19o;  Late  Lahontan,  Monograph  XI,  U.  S.  Geological  Survey;  Mono 
Lake  Region,  8th  Annual,  U.  S.  Geological  Survey,  p.  207. 


CHAPTER  X. 


123.  Importance  of  the  Ocean.  —  We  have  already  learned 
(P'  15}  that  the  ocean  is  in  many  ways  of  importance  to 
man.  It  supplies  vapor  for  rain,  and  moderates  the  climate 
of  the  lands ;  it  is  a  source  of 
food  and  other  products  that 
man  needs ;  and  it  is  an  impor- 
tant highway  of  communica- 
tion between  all  quarters  of 
the  globe. 

THE  OCEAN  BOTTOM. 

1S4.  Oceanography. — Ocean- 
c^raphy  is  the  study  of  the 
ocean,  both  the  surface  and 
the  bottom.  For  carrying  on 
this  study  there  have  been 
numerous  exploring  expedi- 
tions, the  most  important  be- 
ing that  of  the  British  ship 
Challenger,  which  spent  four 
years  in  studying  the  Atlan- 
tic, Pacific,  Indian,  and  South- 
em  oceans.  Other  governments 
have  also  sent  out  ships  for 
this  purpose,  among  them  the 
U.  S.  Coast  Survey  steamer  Blake  and  the  U.  S.  Fish  Com- 
mission steamer  AW>atro$9,     One  reason  for  a  .^peci^.  9t]i47J)f 


.  310.  —  Deep-seB  ioundlng  appa- 
nitQS.  B,  caimon  ball  euHpeDded 
from  hook  //,  which  drops  when 
the  Apparatua  strikes  the  botlom , 
releasing  the  ball,  as  sbown  lu  the 
right-hand  figure. 
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the  ocean  is  to  determine  its  depth  and  the  nature  of  its 
bottom  in  order  to  discover  proper  lines  for  submarine  cables. 
These  cables  are  so  important  in  commerce  and  war  that  lines 
now  cross  tlie  oceana  in  various  directions. 

To  determine  the  depth,  use  is  made  of  a  sounding  machine 
which  lowers  an  iron  weight,  usually  a  cannon  ball,  to  the  bottom. 
This  heavy  weight  is  not  drawn  back  to  the  surface,  but  is  auto- 
matically released  when  bottom  is  struck  (Fig.  310). 

A  sample  of  the  ocean-bottom  water  is  brought  up  in  a  metal  tube, 
or  water  bottle  (7",  Fig.  310),  which  remains  open  on  the  way  down, 
hut  closes  when  drawn  up.    A  sample  of  the  ocean-bottom  mud 
clings  to  soap  or  tallow  placed  on  the  bottom  of  the  water  bottle ; 
and  the  temperature  is  determined  by  thermometers  attached  at 
various  points  on  the 
sounding  line.  These 
deejvsea  thermome- 
ters aie  so  made  that 
they  record  the  tem- 
perature at  the  point 
from  which  they  are 
drawn    up.       Thus, 
by  a  single   sound- 
ing, the  depth,  some 
of  the  water,  a  sam- 
ple of  the   bottom, 
and  the  temi>eratiire 
.-....„.,..,.     of  the  water  at  vari- 
Fta.  311.  — Apparatua  nsed  by  the   Challenger   In      ous    points    are    all 
dF«dRing.    0  is  a  weight,  and  B,  C,  1),  E.  aud  F        v*   ■      ^ 
represent  varioua  posltloDa  o[  the  dredge.  OOUimea. 

Most  deep-sea  ex- 
ploring expeditions  also  make  a  study  of  the  animal  life  of  the 
ocean  bottom.  Specimens  of  these  animals  are  obtained  by  means 
of  a  deep-sea  dredge,  or  trawl  (Fig.  312),  which  consists  of  an  iron 
frame  several  feet  in  length  with  a  long  bag  net  attached.  This 
is  dragged  over  the  ocean  bottom  (Fig.  311),  animals  in  its  path 
being  scooped  up  by  the  frame  and  gathered  in  the  bag.  Many 
weird  creatures  are  thus  obtained. 
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Fio.  314.  — Tbe  depths  of  the  Atlantic  in  tathoms  (a  falhom  is  six  leet).  llie 
mid-Atlkntic  Mge  is  called  Dolphin,  Connecting,  *Qd  Cballeager  plateana. 
Note  the  coatlDeDtnl  shelves,  dotted. 


Fio.  31S.  —  Section  to  show,  In  diagram,  the  conditions  o(  temperature  and  depth 
in  the  Atlantic,  Ocean  depth  and  width  of  coiitlnenlal  shelf  Rreatly  ezagger- 
al«d.    The  raised  portion  in  the  oeoter  repTMents  the  mld-Atlautlc  ridge. 


tinentftl  slope  overflowing  the  coDtineat  tnaiglu 
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Snmmuy.  —  For  a  study  of  the  ocean,  or  oceanographi/,  there 
Tiave  been  numerous  goveniment  exploring  ejpeditions,  one  of  whose 
objects  has  been  to  determine  t/ie  bed  lines  for  cables.  In  the  study 
of  the  ocean  bottom  the  depth,  nature  of  the  viater,  nature  of  the  bot- 
tom, temperature,  and  kind  of  animal  life  are  usually  determined. 

125.    Ocean  Basius.  —  Exploration   has   shown    that   the 
ocean  bottoms  are  inaiDly  vast  submarine  plains  (Figs.  813, 
316}.     Beyond  the  continental  slopes  (p.  22}  almost  the  entire 
ocean     floor     is    a 
monotonous  plain,      utntcd Biatm      maiviit/ilU 

occupying  about     if''^^--™-^^^^^-'-' —^—^'-•s^iawffsaBs- -'-»•'  "^ 

two    thirds    of    the     |  ^'■-— _^  r 

earth's  surface  (Fig.     ^^«-"""         -  -  _„.«.  „ 

19).        Here     and      'ro-  SW.  —  Rising  ot  the  ocean  w 

..  .  .  tinental  slope  ov"*i'™'n''f'>« 

there   a    portion    is  ordiel(  (p-72). 

sunk  below  the  rest, 

forming  a  deep   (Fig.  814}  ;    and  here   and  there  volcanic 

peaks  or  mountain  ridges  rise  from  the  ocean  floor  (Fig.  818}, 

sometimes  reaching  above  the  surface.     But  .these  elevations 

and  depressions  are  only  exceptions  to  the  general  levelnesa. 

The  Blake  deep,  not  far  from  Porto  Bico,  is  the  deepest  known 
point  in  the  Atlantic  Ocean,  27,360  feet  (Fig.  313).  There  are  a 
number  of  volcanic  peaks  in  the  Atlantic,  such  as  the  Bermudas, 
the  Azores,  the  Canaries,  Cape  Verde  Islands,  and  St.  Helena. 
In  the  mid-Atlantic  there  is  a  low,  irregular  elevation,  or  a  series 
of  submarine  plateaus  (Fig.  314),  sometimes  called  the  mid-Atlantic 
ridge  (Fig.  315).  There  are  deeps  on  both  sides  of  it  This 
upraised  portion  extends  the  whole  length  ot  the  Atlantic,  usually 
several  thousand  feet  beneatli  the  surface. 

There  are  hundreds  of  volcanic  peaks  in  the  open  Indian  and 
Pacific  oceans  (Fig.  313),  usually  in  chains  along  the  crests  ot 
submarine  mountain  uplifts,  —  for  example,  the  Hawaiian  chain, 
and  the  Ladrone  chain,  of  which  Guam  is  one  peak.  The  deepest 
known  point  in  any  ocean,  31,600  feet,  is  the  Challenger  deep,  near 
Guam.  The  Aldrich  deep,  near  New  Zealand,  is  30,930  feet; 
and  the  Tuscarora  deep,  east  of  Japan,  27,930  feet. 


176  NEW  PHTSICAL   OEOOHAPHY. 

Little  is  known  about  the  Arctic  and  Southern  oceans;  but 
Nanseu  found  a  depth  of  over  12,000  feet  in  the  Arctic,  and  parts 
of  the  Southern  Ocean  are  alsb  known  to  be  very  deep. 

Snmnmry.  —  Beyond  Uie  corUinenlai  slope  is  a  vast  expanse  of 
plaiv,  covenng  about  tmo  thii'ds  of  the  earth's  surface.  There  are 
occasional  deeps  sunk  below  its  general  level,  and  volcanic  cones  and 
mountain  ridges  rising  above  it, 

126-  Deposits  on  the  Ocean  Bottom.  —  (A)  Rock  Fragmentt. 
—  The  wind,  rain^rivers,  and  waves  di-ag  fragments  from  the 
land  into  the  sea.  Most  of  this  sediment  settles  iu  the  quiet 
water  near  the  coast;  but  curreuta  drift  some  of  the  finer 
particles  out  to  sea,  even  to  the  edge  of  the  continental  shelf. 

This  sediment  fills  depressions  and  tends  to  smooth  over 
the  irregularities  of  the  continental  shelf ;  and,  by  its  accu- 
mulation, it  makes  beds  of  sedimentary  rock,  coarsest  near 
the  coast  (p.  32).  Remains  of  ocean  animals  also  accumu- 
late on  the  bottom  and  add  to  the  deposit  of  sediment,  being 
preserved  in  the 
rocks  as  fossils. 

Sunmioiy.  —  Near 
the  continents  the 
ocean  bottom  is  cov- 
ered with  layers  of 
rock  fragments  de- 
rived from  the  land. 

(B)   Ocean-bot- 
tom Oozes. — So  lit- 
tle  rock   waste    is 
dragged  far  out  to 
sea  tJiat  the  contri- 
bution   of    animal 
remains  exceeds  that  of  rock  waste.     More  than  a  third  of 
the  ocean  bottom  is  covered  with  an  ooze,  composed  mainly 
of  animal  and  plant  remains.     This  deposit  contains  a  small 
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percentage  of  rock  fragments,  especially  pieces  of  volcanic 
ash  and  pumice  that,  on  becoming  water-logged,  have  settled 
to  the  bottom.  The  ocean-bottom  ooze  is  made  partly  of 
organisms  that  live  on  the  bottom,  but  mainly  of  the  shells 
of  microscopic  organisms  tliat  live  in  vast  numbers  in  the 
surface  waters  and,  on 
dying,  settle  to  the 
bottom. 

The  ocean-bottom  ooze 
is  given  different  names 
according  to  the  organ- 
isms that  are  most  abun- 
dant. Thus  a  large  part 
of  the  ocean-bottom  de- 
posit is  called  globigerhia 
ooze  (Fig.  317),  because  of 
the  abundance  of  micro- 
scopic Globigerina  (Fig. 
318).  Chalk  is  a  similar 
ooze  deposited  on  the 
bottom  of  ancient  seas. 
There  is  s.Uo pteropod  and 
diatom  ooze.  The  latter 
is  made  of  siliceous  parts 
of  microscopic  diatom 
plants  which  thrive  espe- 
cially in  the  cold  waters  ^'o-MS.- 
of  the  Southern  Ocean. 

Snmmaij.  —  Far  from  land,  where  there  in  little  rock  waste,  the 
oceau  bottom  is  covered  tcilh  globigerina  and  other  oozes,  made  largely 
of  the  remains  of  organisms,  mostly  microscopic  surface  forma. 

(C)  Red  Clay.  —  The  shells  that  sink  to  make  globigerina 
ooze  are  composed  of  carbonate  of  lime,  but  contain  a  very 
small  percentage  of  other  substances,  such  as  iron  and  silica. 
In  the  very  deep  ocean  water  (12,000  to  15,000  feet  or  more), 
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which  contatas  much  carbou  dioxide,  tliese  limy  shells  are 
dissolved ;  but  the  iron,  silica,  etc.,  are  not  so  readily  soluble. 
And  they  pass  on  to  the  bottom  forming  a  clay,  coloi-ed  red 
by  iron  oxide.  More  than  a  tliird  of  the  ocean  bottom  is 
covered  with  this  red  clay,  whose  rate  of  deposit  must  be  very 
slow  since  it  is  formed  of  the  very  small  insoluble  portion  of 
shells  that  are  themselves  raicroscopic. 

Other  facts  further  prove  that  the  red  clay  is  formed  with 
wonderful  slowaeas.  Scattered  through  it  are  fragments  of 
pumice,  bits  of  meteoric  iron,  the  teeth  of  sharks,  and  the  ear 
bones  of  wliales.  There  are  not  many  whales  or  sharks  in  one 
place,  nor  are  many  meteorites  falling.  It  the  red  clay  were  not 
accumulating  very  slowly,  these  objects  would  be  so  deeply  covered 
that  a  small  dredge  would  rarely  liiid  any ;  yet  deep-sea  dredging 
often  brings  them  to  the  surface. 

Summary.  —  Jied  clay  covers  the  deeper  parts  of  the  ocean  bottom  ; 
(hat  w,  over  one  Ihird  of  the  entire  ocean  floor.  It  i»  a  very  slowly 
forming  deijosil,  made  of  the  insoluble  remnants  of  microaoopic  shells 
Uictt  haiie  been  dissolved  in  the  deep-sea  water. 

127.  Land  and  Ocean-bottom  Topography. — There  are  three 
important  reasons  why  the  ocean  bottom  is  far  more  regular 
than  the  land  surface  (p.  21).  (1)  While  mountain  foldiug 
and  volcanic  action  cause  irregularities  both  on  land  and  ocean 
bottom,  they  are  less  important  in  tlie  sea  than  on  the  land. 

(2)  Erosion  sculptures  the  land  into  hills  and  valleys;  but 
the   ocean  water   protects   the   bottom   from  these   agents. 

(3)  Sediment  washed  from  the  lands,  and  the  settling  of 
organisms  to  tlie  bottom,  tend  to  smooth  the  sea  floor. 

Because  of  these  facts,  if  a  smooth  sea-bottom  plain  is 
raised  into  the  air,  it  is  soon  carved  by  erosion  into  a  series 
of  hills  and  valleys ;  but  if  an  irregular,  hilly  land  is  sunk 
beneath  the  sea,  it  is  soon  smoothed  over  by  a  blanket  of 
sediment  (p.  72).  There  is  a  striking  difference  between 
the  widespread  smoothness  of  ocean-bottom  plains  and  the 
[>ieasing  irregularity  of  the  lands. 
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Snmnury.  —  The  ocean  bottom  is  far  smoother  than  the  lands 
because  of  (I)  less  vwuntain  folding  and  volcanic  action;  (2)  ab- 
sence of  erosion;  and  (3)  mdeapread  deposit  of  sediment. 

THE   OCEAN   WATER. 

128.  Surface  of  the  Sea. — Elevations  on  the  laud  are 
measured  from  sea  level,  by  which  is  me»nt  the  approach 
to  a  spherical  form  which  the  water  a&Bumes  under  the  pull 
of  gravity  (p.  8).  The  level  of  the  sea  is  not  perfectly  in 
accord  with  the  spherical  form  o£  the  earth ;  for  the  curved 
water  surface  is  diatorted  a  little  by  the  attraction  of  the  con- 
tinents, slightly  raising  its  level  near  the  coast.  Winds  and 
storms  (p.  271)  cause  local  disturbances  of  sea  level ;  but,  as 
8oon  as  the  disturbing  cause  has  passed,  gravity  draws  the 
water  back  to  its  former  level. 

There  are  two  causes  which  are  slowly  operating  to  change 
the  level  of  the  sea.  The  less  important  of  these  is  the  deposit 
of  sediment,  which  tends  to  slowly  raise  sea  level.  It  would 
take  long  periods  of  time  for  this  to  produce  a  great  effect,  for 
there  is  a  vast  amount  of  water  to  be  raised.  Even  if  all  of  North 
America  above  sea  level  were  put  into  the  Atlantic,  the  surface  of 
the  oceans  would  not  he  raised  many  feet.  The  second  cause  for 
change  in  level  is  movement  of  the  ocean  bottoms.  There  is  good 
reason  for  believing  that,  during  past  ages,  the  ocean  basins  have 
been  slowly  growing  deeper.  The  effect  of  snch  a  movement 
would  be  to  gradually  withdraw  the  waters  from  the  lands. 

Snmmary.  —  Sea  level  is  stightly  di^urbed  by  the  attraction  of  the 
continents;  locally,  and  for  short  limes,  by  winds  and  storms;  and 
very  doicly  by  (1)  the  deposit  of  sediment  in  the  oceans  and  (2)  the 
nnking  of  the  ocean  bottom. 

129.  Composition  of  Sea  Water. — Every  one  is  familiar  -with 
the  saltness  of  the  sea.  Probably  salt  and  other  mineral  sub- 
stances were  held  in  solution  when  the  oceans  firat  gathered; 
but  certainly  some  is  being  added  every  day.      The  vapor 
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that  rises  from  the  ocean  does  not  remove  these  mineral 
substances ;  but  when  it  falls  on  the  land  as  rain,  it  begins 
to  wash  more  dissolved  mineral  matter  into  the  sea  (p.  51). 
It  would  seem,  therefore,  that  the  ocean  must  be  growing 
steadily  salter. 

About  three  and  a  half  per  cent  of  ocean  water  is  dissolved 
mineral  matter,  more  than  three  quarters  of  which  is  common 
salt.  Magnesium  chloride"  and  magnesium,  calcium,  and 
potassium  sulphates  are  also  present;  and,  in  very  small 
quantities,  there  are  many  other  substances,  even  including 
compounds  of  gold  and  silver.  If  all  the  salt  of  the  oceans 
could  be  removed,  it  would  make  a  layer  about  400  feet  thick 
over  the  earth.  In  many  places  where  the  climate  is  dry,  salt 
is  obtained  by  evaporating  sea  water ;  and  many  salt  beds, 
like  that  in  central  New  York,  were  formed  in  past  ages  by 
the  evaporation  of  the  water  in  arms  of  tlie  sea,  cut  ofF  as  the 
Caspian  is  to-day. 

Carbonate  of  lime,  though  present  in  very  small  quanti- 
ties, is  another  important  mineral  substance  in  sea  water. 
Many  ocean  animals,  such  as  corals  and  shell-fish,  use  it  in 
the  growth  of  their  shells  and  skeletons.  On  the  death  of 
the  animals  these  have  accumulated  in  beds  of  limestone 
which,  raised  to  form  land,  are  now  used  in  building,  smelt- 
ing iron,  and  making  lime. 

Some  air  is  mixed  with  all  ocean  water,  being  present  even 
on  the  ocean  bottom,  where  it  is  brought  by  slowly  moving 
currents.  A  few  sea  animals,  such  as  the  seals  and  whales, 
come  t«  the  surface  to  breathe ;  but  the  great  majority  re- 
quire 30  little  oxygen  that  they  are  able  to  obtain  what  they 
need  from  the  air  that  is  mixed  with  the  sea  water.  With- 
out it  most  of  the  ocean  animals  could  not  live. 

Samnuiy.  — Salt  and  other  mineral  substances,  including  carbon- 
ale  of  lime,  of  which  sliells  are  made,  are  being  conatantl;/  loaahed 
from  the  land  iw/o  (fte  sea.  Air  mixed  with  the  water  auppliea  th€ 
oxygen  which  makes  most  of  the  ocean  life  possible. 
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130.  Density  and  Pressure  of  Sea  Water.  —  Salt  water  is 
heavier,  or  has  a  greater  deusity,  than  fresh  water.  Calling 
fresh  water  1,  the  average  density  of  ocean  water  at  the 
surface  is  about  1.026.  The  density  is  less  than  the  averse 
in  the  rainy  tropical  belt,  and  also  near  the  mouths  of  great 
rivers,  where  a  large  amount  of  fresh  water  is  added.  It  is 
greater  tiiaa  the  average  where  there  is  much  evaporation,  as 
in  the  dry  trade-wind  belt,  and  in  seas  inclosed  by  warm, 
arid  lauds,  like  the  Red  and  Mediterranean  seas. 

There  is  an  enormous  pressure  on  the  bottom  of  deep 
oceans.  At  the  depth  of  a  mile  every  square  inch  bears  a 
weight  of  over  a  ton  of  water,  and  the  pressure  on  the 
bottom  of  the  Aldrich  deep  is  nearly  six  tons  to  every  square 
inch.  One  might  expect  that  so  great  a  weight  of  water 
would  crush  the  animals  on  the  ocean  bottom ;  but  it  pro- 
duces no  more  effect  on  them  than  does  the  weight  of  air 
(about  15  pounds  to  the  square  inch)  which  our  bodies  bear. 

The  reason  why  this  great  pressure  is  not  felt  is  that  It  affects 
all  parts  of  the  body,  both  within  and  without.  When  deep-sea 
fishes  are  brought  to  the  surface,  however,  and  the  preBsuie 
from  outside  is  reduced,  that  from  within  opens  cracks  in  their 
bodies  and  often  causes  their  eyes  to  protrude. 

Water,  unlike  air,is  not  much  compressed,  even  under  the  great 
load  that  weighs  down  on  the  bottom  layers.  Therefore  its 
density  at  the  bottom  does  not  differ  greatly  from  that  at  the 
surface.  If  it  were  much  compressed,  as  air  is,  it  might  become 
so  dense  that  objects  could  not  sink  through  it  to  the  bottom. 
They  would  then  float  aroiind  in  the  dense  layers. 

Summary.  —  Salt  icater  is  denser  than  fresh  water  ;  but  itadetisity 
varies  aomewhat.  There  is  an  enormous  pressure  on  the  ocean  bot- 
tom; but,  since  tvaler  is  not  much  compressed  under  pressure,  its 
density  is  not  greatly  increased  at  the  bottom, 

131.  Color  and  Light  —  Sunlight  illuminates  the  upper  layers 
of  the  sea  and  reaches  to  the  bottom  of  shallow  water.  The 
beautiful  blue  of  the  open  cceau  is  partly  due  to  the  reflection  of 
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the  color  of  the  sky,  but  chiefly  to  the  same  cause  which  makes 

the  sky  blue  (p.  233),    Sunlight  is  made  of  waves  of  many  colors, 

and  iu  their  ]>assage  through  the  water  they  are  separated,  or 

scattered,  some  of  them  (the  indigo  and  blue)  being  reflected  back, 

giving  the  water  its  color.     Near  the   shore, 

^""^^lUmiiS  where  there  is  more  sediment,  the  green  waves 

«»-JH|m"  are  reflected,  giving  the  water  its  greeu  color- 

^I^B  The  yellow  water  near  the  mouth  of  the  Yel- 

»-^H^  low  Biver  of  China  is   colored  by  the  mud 

^^^I^H  that  the  river  brings^  the  color  of  the  Red  Sea 

•"■-^B  is  due  to  minute  reddish  oi'gauismB  that  float 

"°°  "  in  it. 

No  sunlight  penetrates  to  the  bottom  of  the 
deep  sea,  which  is  darker  than  the  darkest 
night  Having  little  use  for  eyes,  many  of  the 
deep-sea  fish  are  blind ;  but  others  have  eyes, 
and  many  are  brilliantiy  colored.  These  eyes 
and  colors  are  doubtless  of  use  because  of  the 
phosphoreaceut  glow,  like  that  of  the  firefly, 
which  many  deep-sea  animals  emit.  Indeed, 
some  of  the  fish  have  feelers,  phosphorescent 
on  the  end,  which  have  been  called  deep-sea 
lanterns.  Phosphoresce  nee  ia  also  emitted  by 
many  surface  animals,  and  a  boat  often  leaves 
behind  it  a  trail  of  faint  phosphorescent  light, 
made  by  the  multitude  of  auimalculee  that  its  passage  has 
disturbed. 

Sunmury.  —  The  color  of  the  sea  is  due  to  the  scattering  of  the 

waves  thai  comjiose  white  light,  and  the  reflection  of  some  of  tkem, 
such  as  green,  bine,  or  indigo.  Ifo  sunlight  reaches  the  ocean 
bottom,  but  aojne  of  the  animals  emit  a  phosj^ioresceiU  glow. 

132.  Temperature  of  the  Oceans. — The  surface  layers  of 
ocean  water  are  warmed  by  the  sun.  Accordingly,  while  the 
waters  of  the  frigid  zones  are  nearly  at  the  freezing  point 
of  salt  water  (l28°  or  29°).  tropical  waters  are  wanned  to 
80=  or  85°  (Fig.  320).     In  the  inclosed  Red  Sea,  where  the 


Fio.  319.  — Normal 
desi^BDt  of  DceaD 
temperature  at 
tbe  equAtor. 


—  Ocean-surface  temperatare.    The  effect  of  the  laud,  and  ol  ocean 

)U,  makeg  the  lemperatora  lieeB  of  the  Dortberu  ocean  tac  mora  Irregu- 
lar than  tboee  in  tbe  sontbern  hemUpbere.  On  an  ontllne  map  ol  the  world 
make  a  sketch  map  stmilai  to  thla. 


Fio.  ^.  — The  advance  olw 


a  beach,  forming  Bnrf)^;,o|^> 


Fio.  %!3.  —  A  United  Slal«s  government  ahip  (the  Wattrte)  Btraaded  c 
Und  In  CliUe  by  an  earthquake  vsve  In  1869.  The  Borf  Une  U  se« 
elghlb  ot  ■  mile  beyond  the  [artber  ship. 


Tut,  323.— Tbe  bote  wave  at  Honelon,  New  Brunswick. 
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Fia.  324. —  Bectton  of  the  oceun  from  New 
York  to  Bemiudn,  sliowlng  the  tem- 
perature at  various  deptlii. 


entrance  of  cooler  currents 
is  impossible,  the  temper- 
ature may  rise  to  90° 
or  95°.  Ocean  currents 
greatly  influence  the  tem- 
perature of  ocean  water 
(p.  194). 

Since     the     sun's    rays 
penetrate  only  tlie  upper 
layers  of  the  ocean,  deep- 
sea   water  is  not  directly 
influenced   by   tliem.      If 
the  surface  water  is  warm, 
the  temperature  decreases 
rapidly  in  the  upper  layers, 
then  slowly  down  to  the  bottom  (Figs.  319,  324).     Every- 
where, even  in  the  torrid  zone,  the  temperature  of  the 
ocean   bottom   is 
low  {Fig.    325); 
and    about    four 
fifths  of  the  ocean 
water  has  a  tem- 
perature  of    less 
than  40°. 

The  explanation 
of  the  cold  water 
in  the  deep  sea  is 
that  water  becomes 
more  dense  on  cool- 
ing, and  conse- 
quently sinks. 
While  fresh  water 

■- -■■        ceases  sinking   at 

Fio.  as.  —  Tempernture  on  ihe  botlom  ot  the  North  oqo  /^  Ifir.l  Rnlt 
Allan^c.  The  baud  ot  hiKher  temperature  la  on  ■*»(?■  ^^>'  ^a't 
thft  n>ld-Atl»Dtlc  ridge  (see  Fig.  316).  water  continues  to 
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increase  in  density,  and,  therefore,  to  sink,  almost  until  its  freezing 
point  is  reached.  For  this  reason  ocean-bottom  'water  is  much 
colder  than  that  on  the  bottom  of  lakes ;  it  may,  in  fact,  be  as  low 
as  29°.  The  settling  of  cold  water  in  the  frigid  and  cold  temperate 
■.arjh.  zones  starts  a  slow 
circulation  along  tlie 
ocean  bottom  toward 
the  warm  belt,  where 
there  is  a  slow 
rising.     It    is    this 

—  Tbe  temperatare  in  the  Atlantic  at  a  depth  , .         , 

o(  2000  fathoms  is  35';  hut  In  tho  Gnlf  of  Meilco,  SUpp  Eies  dee  p-sea 
at  that  depth,  only  39. H°,  which  la  the  temperature  animals  with  the  air 
at  the  depth  of  the  barrier  {1000  fathoms)  over  (.i,pv  nepd  for 
which  the  water  enters  the  Gulf  from  the  Atlantic.     ^       f,. 

breathing. 

One  of  the  best  proofs  of  this  slow  circulation  is  furnished  by 
such  seas  as  the  Gulf  of  Mexico  and  the  Mediterranean,  which 
are  partly  shut  off  from  the  open  ocean.  In  these  seas  the  de- 
crease in  temperature  continues  down  to  the  level  of  the  barrier, 
but  DO  lower,  liecause  the  coldest  water  that  can  creep  into  them 
is  that  at  the  level  of  the  barrier  (Fig.  326). 

Summary.  —  Tlie  temperatitre  of  the  surface  water  varies  with  tht 
dimate ;  but  settling  of  old  water,  canaing  a  slow  circulation,  makes 
the  deep  sea  everywhere  cold.  Inclosed  tiea  bottoms  have  the  scoM 
temperatwe  as  that  of  the  open  ocean  at  the  level  of  the  barrier. 


MOVEMENTS  OF  THE  OCEAN  WATER. 

133.  Wind  Waves.  —  Blowing  on  the  surface  of  a  dish  of 
water  causes  small  waves.  These  are  similar  to  the  large 
waves  raised  on  the  ocean  by  the  friction  of  winds  that  blow 
over  its  surface.  The  water  itself  does  not  advance  with  the 
wave,  but  moves  up  and  down,  with  a  slight  forward  and 
backward  movement.  It  is  the  form  of  the  wave  that  ad- 
vances, aa  a  wave  may  be  made  to  pass  through  a  rope  by 
shaking  it  vigorously.     Therefore  a  boat,  instead  of  moving 
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forward,  riaes  and  falls  as  each  wave  passes  under  it;  but  it 
is  also  carried  forward  and  backward  a  little. 

Some  of  the  great  ocean  waves,  i-aised  during  heavy  galea, 
have  a  height  of  from  30  to  50  feet,  measured  from  the  top,  or 
cre^,  to  the  depression,  or  trough,  between  two  waves.  Then 
the  sea  presents  a  wild  sight,  as  the  great  waves  come  down  upon 
a  ship,  their  crests  broken  and  whitened  by  the  fierce  wind. 
The  wind  mixes  much  air  with  the  ocean  water  in  the  foam  and 
spray  of  these  white  crests,  or  wkitecttpa  (Fig.  341). 

Such  waves,  moving  at  the  rate  of  40  or  50  miles  an  hour,  some- 
times dash  over  the  decks,  carrying  all  loose  objects  along,  and 
even  tearing  away  massive  wood  and  iron  work.  Even  great 
ocean  steamers  are,  at  times,  forced  to  change  their  course  to  avoid 
the  danger  of  being  upset  by  the  approach  of  these  huge  waves 
from  one  side.  To  smaller  boats  they  are  very  dangerous,  and 
many  a  fishing  schooner  (Fig,  341)  has  been  sunk  by  them. 

The  use  of  oil  at  sea  is  now  common  in  violent  gales.  Dropped 
on  the  surface,  the  oil  spreads  in  all  directions ;  and,  as  the  oily 
surface  offers  less  resistance  to  wind,  the  waves  are  much  less 
broken.     There  is  then  less  danger  of  waves  coming  aboard. 

Waves  often  appear  when  no  wind  is  blowing,  and  even  when  the 
sea  is  smooth  and  glassy.  They  were  formed  in  some  place  where 
the  wind  was  high,  and  have  traveled  far  beyond  their  place  of 
origin.  Such  waves  are  known  as  rollers,  or  ground  swell.  Becanse 
waves  travel  so  far,  no  part  of  the  open  ocean  is  ever  entirely 
free  from  some  form  of  wave  or  swell. 

In  shallow  water  the  free  movement  of  waves  is  interfered 
witb  by  the  bottom,  the  wave  grows  higher,  its  front  becomes 
steeper,  and  it  finally  topples  over  (Fig.  327).  Then  tons  of 
water  are  hurled  bodily  forward  as  surf  or  breakers  {fig.  821), 
striking  the  shore  with  tremendous  force. 

A  current,  called  the  undertow  (!■!£.  327),  flows  outward  along 
the  bottom  beneath  the  incoming  breakers.  On  many  wave- 
beaten  coasts  the  undertow  is  so  strong  as  to  be  a  source  of 
danger  to  bathers,  who  are  caught  by  it  and  held  under  water. 
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Some  of  the  rock  fragments  that  are  dislodged  from  cliffs  and 
ground  up  on  the  beaches,  are  moved  offshore  io  the  undertow. 
Others  are  pushed  along  the  coast  (1)  by  the  breaking  of  waves 
which  reach  the  coast  diagonally,  and  (2)  by  the  slow  wind- 
formed  surface  current  (Fig.  327),  which  moves  in  the  direction 
the  wind  is  blowing. 


Fia.  32T.  — Diagram  to  ahow  approach  ot  a  irave  upon  a  beach, 


Summary.  —  Waves,  caused  by  friction  of  wind,  are  a  riahig  and 
falling  of  tlie  water,  the  wave  form  moving  forward,  often  far  beffond 
the  place  of  origin.  Tliey  break  on  tlie  coast  with  great  force,  tear- 
ing rocks  from  the  cliffs  and  grinding  them  on  the  beaches,  moving 
some  of  the  fragments  offshore  in  tite  undertow,  some  along  the  coast. 

134.  Other  "Waves. — ^Tap  lightly  on  the  bottom  of  a  pan 
of  water,  and  the  water  rises  in  a  low  dome.  An  earthquake 
shock  in  the  ocean  produces  a  similar  wave,  reaching  from 
the  bottom  of  the  sea  to  the  surface.  The  water  may  not  be 
raised  more  than  a  fraction  of  an  inch,  but  the  disturbance 
is  80  deep  and  affects  so  much  water  that,  when  the  wave 
approaches  a  neighboring  coast,  it  rises  higher  and  higher. 
Such  a  wave  may  then  rise  to  a  height  of  more  than  100  feet, 
rushing  perhaps  a  mile  or  more  inland,  carrying  everything 
before  it,  and  leaving  vessels  stranded  (Fig,  322).  Tens  of 
thousands  of  people  have  been  drowned  by  a  single  earth- 
quake wave  (p.  119). 

Fortunately  such  waves  are  not  common  in  many  parts  of  the 
world,  though  Japan,  the  East  Indies,  and  the  coast  of  Chile  and 
I'eru  are  subject  to  them.  The  waves  travel  great  distances, 
some  from  Asia  reaching  the  CaUfomia  coast ;  but,  so  far  away, 
they  are  too  much  spread  oiit  to  be  destructive. 

The  discharge  of  an  iceberg  from  a  glacier  (p,  145),  or  the 
breaking  up  of  an  iceberg  as  it  runs  aground,  starts  a  similar 


Fla.  S2B.— Low  tld«  at  sams  place  as  abov«.    Deacribe  tbe  dllIer«Dce, 


Flo.  331.  — Low  tide  along  tliecoRBt  north  of  Boston,  ihowlag  thttwwaed  mat 
which  covers  the  rocky  coiut,  protecting  It  tram  wave  attack.  At  hl^ 
tide  the  walsr  reachei  abova  the  dark-colored  aone  of  waweed. 
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wave.     These  icebei^  waves  dasli  on  the  shores  with  great  force, 

reacliing  seveml  feet  above  the  normal  level  of  the  waves. 

A  wave  of  high  water  accompanies  hurricanes  and  other  violent 
storms  at  sea  (p.  271). 

Snmmary.  — Waves  are  also  started  by  earthguake  shocks  on  the 
ocean  bottom;  hy  the  breaking  off  or  stranding  of  icebei-ga;  and  by 
violent  storms  at  sea. 

138.  Tides. — Twice  each  day  (more  exactly,  every  12 
hours,  26  minutes)  the  passage  of  tidal  waves,  formed  by  the 
attraction  of  moon  and  sun  (Appendix  E),  causes  the  ocean 
surface  to  rise  and  fall  (Figs.  328,  329).  In  the  open  ocean 
the  difference  in  height  between  high  and  low  tide,  or  the 
tidal  range,  is  not  over  one  or  two  feet ;  but,  as  the  tidal 
wave  approaches  the  coast,  its  height  is  increased  (Figs-  830, 
331)  by  the  effect  of  the  shallowing  bottom. 

In  the  ocean,  and  on  open  coasts,  the  tide  is  merely  a  rise 
and  fall  in  the  water  level ;  but  in  bays  and  estuaries  this 
change  in  level  starts  currents,  which  often  move  with  great 
.  velocity.  Such  currents  may  move  so  rapidly  that  boats 
cannot  make  headway  against  them;  indeed,  in  the  Bay  of 
Fundy  the  tide  advances  over  the  mud  flats  more  rapidly 
than  a  man  can  run.  From  this  it  is  evident  why,  as  the  tide 
rises  and  falls,  it  is  said  to  "  come  in  "  and  "  go  out."  The 
rising  tide  is  called  the/ow,  the  falling  tide  the  ebb. 

The  advancing  tidal  wave  is  greatly  influenced  by  the  form  of 
the  coast.  Ordinarily  the  tidal  range  is  between  3  and  10  feet ; 
but  in  narrowing,  V-shaped  bays  the  range  ia  greatly  increased,  as 
in  the  Bay  of  Fundy  in  Nova  Scotia  and  Ungava  Bay  in  northern 
Ijabrador,  where  the  tide  rises  from  30  to  50  feet. 

On  the  other  hand,  where  bays  broaden  out,  bt^-shaped,  the 
tidal  range  is  greatly  diminished.  For  instance,  the  Atlantic 
tide,  passing  through  the  Straits  of  Gibraltar,  produces  practi- 
cally no  effect  on  the  broad  Mediterranean  ;  bvit  a  very  small  local 
tide  is  developed  in  the  Mediten-anean  itself.  Tliis  almost  com- 
plete absence  of  tide  in  the  Mediterranean  was  of  great  impor- 
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tance  in  the  development  of 
navigation  in  that  inclosed 
sea  (]>.  377)  and  the  growth 
of  nations  along  its  shores. 
With  strong  tidal  currents 
to  battle  against,  the  move- 
ment of  their  small,  open 
boats,  propelled  by  oars, 
would  have  become  a  much 
more  difficult  task. 

Along  irregular  coasts 
there  are  bays  where  the 
tidal  range  is  greater  than 
in  neighboring  parts  of  the 
coast.  If  there  happens  to 
be  connection  between  two 

Fio.3a3.— Rangeottide.somliorCapeCod,  such  places,  rapid  tidal  en r- 
indlcated  by  flgares.  Id  Baiisrds  B«y  ^5,^13  (,,  ^OCes,  will  pass 
ItliBesl.l  teet;  in  Vlner&rd  Sonnd,  from     ,,  ,      .. 

1,8  to  3.1;  consequently  rapid  currenw,     through    the  _  connecting 
or  Mtces,  pass  through  gaps  between  tlie     straits.     An    llhistration   of 
islands  that  separate  the  two  bodies  ol     tijja    jg    found    in    southern    ■ 
Massachusetts,  where  rapid 

currents  flow  between  Buzzards  Bay  and  Vineyard  Sound  (Fig. 

332).     A  similar  current  occurs  at  Hell  GatB;  in  the  narrow  strait 

between  New  York  Bay  and  Long  Island  Sound  (Figs.  333,  334). 
On  entering  some  river  mouths  the  tidal  current  changes  to  a 

wave,  known  as  the 

6ore(Flg  JJ'i^nhieh 

travels    rapidly   up- 
stream     It  IS  found 

in  the  Seine  Se\cin, 

Amazon,  and  se\eial 

other  rivers 

Not  onlj  does  the 

tide  vary  from  place 

to     place,    but    also 

from    time    to    time.      Fio.  333.- The  heieht  lo  which  the  tide  rises  on 

,  .  J    f    11  the  two  sides  of  Hell  Ga(«,  over  wbich  there  AM 

At   new   and   full  »pidtidaloi 
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noon  the  tidal  range  is  greater  than  during  the  quarters.  Tides 
with  high  range  are  known  aa  spring  tides,  those  with  low  range, 
neap  titles  (Appendix  E).  The  coiTespondence  of  spring  and  neap 
tides  to  phases  of  the  moon,  and  the  fact  that  two  complete 
tides  occur  every  24  boiu-a,  62  miuutes  (the  period  between  two 
moonrises),  long  ^o  led 

to  the  discovery  that  the  *""  ^""^ 

tides  are  due  to  some  in- 
fluence of  the  moon. 

Tides  are  of  great  im- 
portance along  the  coast. 
The  tidal  currents  drift 
sediment  about,  thus 
helping  to  form  sedi- 
mentary strata  (p.  32). 
They  also  deposit  sedi- 
ment in  harbors,  and 
each  yeai"  large  appro- 
priations are  necessary 
for  the  purpose  of  re- 
moving such  deposits. 
By  these  currents,  too,  s 
circulation  is  caused  in 
harbors  (Fig.  330),  thus 
helping  to  remove  the  filth  that  necessarily  finds  its  way  into 
the  ocean  near  large  cities. 

Tidal  currents  aid  or  impede  vessels,  according  to  their 
direction ;  and  they  sometimes  drift  vessels  from  their  course, 
placing  them  in  dangerous  positions.  Every  now  and  then 
in  foggy  weather,  when  the  land  cannot  be  seen,  vessels  run 
aground,  because  the  tide  has  drifted  them  out  of  their  course. 
The  captains  of  all  large  ships  carry  tide  tables  and  charts 
to  aid  thera  in  navigation.  One  use  of  tliese  is  to  tell 
when  the  tide  is  higli,  for  the  entrances  to  many  harbors  are 
■too  shallow  to  admit  large  ships  at  low  tide. 


lo.  SU.  —  Diagram  lA  shoir  time  o(  arrival 

and  height  reached  by  the  tides  on  the  tno 
aides  of  Hell  Gate.     The  currents  at  HeU 

(1]   the  time  af  biRh  tide  liifFera  on  the 
two  sides;  (2)  the  tidal  range  differs. 
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Summaiy.  —  Every  12  haws,  26  minutes,  the  ocean  aur/ace 
rises  and  falls  wilh  the  pa-isage  of  a  tidal  wave.  In  the  open  ocean  Oie 
range  is  a  foot  or  two ;  atony  the  coast  from  3  to  10  feet ;  in  V-aliaped 
bays  even  30  to  60  feet;  but  in  large  hays  that  bivaden,  the  tide  may 
be  destroyed.  Along  irregidar  coasts  the  rise  and  fail  of  the  tide 
cause  currents,  which  may 
become  very  rapid  races. 
Tidal  currents  move  sedi- 
ment about,  helping  to  de- 
posit sedimentary  strata; 
they  drift  sediment  into  har- 
bors; they  keep  the  harbor 
toater  in  circulation;  they 
aid  or  impede  navigation; 
and  they  sometimes  place  ves- 
sels in  dangerous  jiositioiis. 

136.  Ocean  Cuncnts.  — 
The  oceau  waters  are  in 
constant  circulation,  not 
only  along  the  bottom 
(p.  184),  but  al80  in  well- 
detined  surface  currents 
(Fig.  SS5).  The  exUt- 
ence  of  ocean  en r rents  has 
been  known  for  a  long 
arj25,i8«9.  Stotra  winds  mnmnrt  then  time;  indeed,  Columbus 
CMied  the  wreck  to  leave  Iw  general  noticed  them  along  the 
courae  in  the  ocean  drift.  ,  = 

American  coast,  and  Ben- 
jamin FranMin  studied  them  and  considered  them  the  result  of 
steadily  blowing  winds.  It  is  now  known  that  there  are  cur- 
rents slowly  sweeping  through  each  of  the  oceans  (Fig.  338). 

Differences  in  temperature  of  the  ocean  wat«r  account  for 
the  settling  of  water  in  cold  regions  and  its  circulation 
along  the  sea  bottom  (p.  184),  But  it  does  not  seem  an 
adequate  explanation  for  the  surface  currents. 
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The  explanation  that  best  accounts  for  surface  currents  is 
the  effect  of  steadily  blowing  winds,  as  suggested  by  Franklin. 
By  blowing  on  »  pan  of  water  with  sawdust  floating  in  it, 
a  drift  of  water  is  seen  to  start ;  in  like  manner,  winds  blow- 
ing over  lakes  or  ocean  start  a  similar  drift  of  surface  water. 
Such  wind-drift  currents  continue  to  move  for  some  time 
after  the  wind  dies  down. 

A  comparison  of  the  ocean- 
current  chart  (Fig.  338)  and 
the  wind  chart  (Fig.  408) 
shows  tliat  there  is  a  close 
resemblance  between  the 
direction  of  ocean  currents 
and  regular  winds.  We  will 
study  the  currents  of  the 
Atlantic  Ocean  to  see  how 
close  this  relationship  is. 

In  the  equatorial  region 
there  la  a  drift  ^  of  water, 
the  Equatorial  Drift,  toward 
the  South  American  coast. 
At  the  angle  of  South  Amer- 
ica it  divides,  the  smaller 
portion  going  into  the  South 
Atlantic,  the  larger  into  the  North  Atlantic.  This  Equato- 
rial Drift  is  exactly  what  we  would  expect  to  find,  for  the 
northeast  and  southeast  trade  winds  blow  steadily  day  after 
day,  drifting  the  water  westward  before  them. 

After  dividing  on  the  coast  of  South  America,  the  drift 
follows  the  coast  for  a  while,  then  slowly  swings  to  the  right 
in  the  northern  hemisphere,  and  to  the  left  in  the  southern,' 

•  A  Blow  current  may  be  called  a  rfn/I,  a  more  rapid  current  a  stream. 

»  This  swinging  is  caused  by  the  effect  of  tlie  earth's  rotation,  which 
deflects  all  moving  bodies,  whether  wind  or  water  currents,  from  astraight 
coarse.  In  Ihe  northern  hemisphere  the  moviug  body  va  turned  to  the  right. 
In  tbe  BOQthem  hemiaphere  to  the  left. 


Fio.  336.  — The  QuK  Stream. 
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Thus  a  great,  slowly  moving  eddy  is  formed  in  each  ocean. 
Floating  seaweed  {SargaBmrn}  accumulates  in  the  center  of 
the  eddy  in  such  abundance  that  it  has  been  called  the 
0-raggt/,  or  Sarga»»o,  Sea.  Columbus  encountered  it,  and 
his  sailors,  not.  knowing  what  it  was,  feared  that  the  ships 
would  run  aground  in  it. 

A  portion  of  the  North  Equatorial  Drift  enters  the  Caribbean 
Sea,  part  coming  out  between  the  West  Indies,  part  continuing 
on  into  the  Gulf  of 
Mexico  (Fig.  337). 
The  portion  that  en- 
ters  the  Gulf  is 
warmed  still  more  in 
that  inclosed  sea,  and 
escapes,  between 
Cuba  and  Florida,  as 
a  narrow  and  rapidly 
moving  stream  of 
warm  water,  known 
as  the  <}ulf  Stream 
(Figs.  336, 337).  On 
the  Florida  coast  it 
has  a  velocity  of  4  or 
6  miles  an  hour.  The 
Gulf  Stream  rapidly 
broadens,  a  ptirt  of  it 
joining  the  great 
Fio.  337,  —  DiaKTitm  to  show  the  currente  ot  tbe  North  Atlantic  Eddy 
western  North  Atla«tio  Figure  tell  r«t«  of  .^^^  ;  j  ;  ^j^ 
movement  in  miles  per  hour. 

open  ocean  outsidtj 
of  the  West  Indies.  This  portion  returns  to  once  more  form 
a  part  of  the  Equatorial  Drift. 

A  smaller- portion  of  the  Gulf  Stream  water,  and  some  of 
the  North  Atlantic  Eddy,  drifts  on  into  the  region  of  the 
west  winds,  which  drive  it  on  toward  the  coast  of  northern 
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Europe,  as  the  We»t  Wind  l>rift.  Thus  water,  warmed  in 
,  the  equatorlHl  region,  the  Caribbean  Sea,  and  the  Gulf  of 
Mexico,  is  carried  to  the  European  coast,  and  even  into  the 
Arctic.  There  is  no  similar  Btream  in  the  South  Atlantic, 
because  there  are  no  partly  closed  seas  for  the  drift  to  enter. 

Study  the  currents  of  the  Pacific  to  see  if  the  same  great  eddies 
are  found  there.   Ifotice  that  in  the  Southern  Ocean,  where  there 
are  no  continenta  to  turn  the  currents,  the  West  Wind  Drift  ei- 
'    tends  completely  around  the  globe. 

Besides  these  eddies,  there  are  special  currents,  one  of  which,  the 
Labrador  Current,  is  of  great  itnpoitance  to  America.  This  is  a 
cold  current,  descending  from  among  the  islands  of  the  Arctic 
'  along  the  Labrador,  Newfoundland,  and  New  England  coasts  (Fig. 
-':  337).  It  keeps  close  to  the  American  shores,  being  turned  to  the 
I  right  by  the  influence  of  rotation.  Thus,  while  warm  water  is 
i  drifted  toward  Europe,  cold  water  flows  down  the  American  coast 
i  as  far  south  as  Cape  Cod,  where  it  disappears  by  settling  and 
i  mingling  with  the  warm  water. 

Stunmaiy.  —  The  surface  currents  are  due  to  the  drifting  of  vxtter 
bffore  gteadily  blowing  winds.  Jn  each  ocean  there  are  great  eddies, 
darted  by  tite  trade  winds,  which  cause  an  Equatorial  Drift  toward 
the  west.  This,  dividing  on  the  continents,  follows  the  coast  north- 
ward and  southward  for  a  while;  tlien  it  is  turned,  by  the  effect  of ' 
rotation,  to  the  right  in  the  northern  hemisphere  and  to  the  left  in  the 
southern.  Thus  an  eddy  is  caused  in  each  ocean,  both  north  and 
smith  of  the  equator.  A  part  of  the  N'orth  Equatorial  Drift  enters 
the  Oulf  of  Mexico  and  emerges  as  the  warm  Qulf  Stream,  a  por- 
tioT\  of  wkidi  joins  the  eddy  of  the  North  Atlantic.  A  portion  of  the 
eddy,  and  of  the  Oulf  Si  i  earn,  is  drifted  by  the  west  winds  to  the  Euro- 
pean coast,  and  even  into  the  Arctic.  Jn  the  notUhern  hemisphere  the 
West  Wind  Drift  extends  around  the  earth.  The  cold  Ixibrador 
Current  sweeps  down  the  Americaii  coast  from  the  Arctic,  and,  being 
turned  to  the  right,  isfoixed  to  hug  the  coast  till  it  sinks. 

137.  Effects  of  Ocean  Currents.  —  The  most  important  ef- 
fect of  oceft"  currents  is  on  climate  (p,  278).    For  instance, 
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the  warm  water  that  is  borne  into  the  Arctic  by  the  West 
Wind  Drift,  influences  the  temperature  of  northern  Europe. 
Its  effect  was  very  well  shown  by  Nansen'a  voyage  toward 
the  pole.  He  starterl  into  the  Arctic  north  of  Scandinavia, 
where  the  warm  drift  keeps  the  sea  fairly  clear  of  ice  in 
summer  (Fig.  8S8),  and  was  able  to  puah  hia  ship  far  into 
the  Arctic  before  he  met  with  impassable  ice. 

Ocean  currents  aid  or  retard  vessels,  according  to  their 
direction ;  and,  in  their  reckonings,  navigators  must  make 
allowance  for  this  influence.  Columbus  had  much  difficulty 
in  navigating  his  small  ships  among  the  currents  along  the 
northern  coast  of  South  America.  Currents  have  other  im- 
portant influences,  for  example,  causing  fogs  (p.  247),  drift- 
ing sea  ice  and  icebergs,  and  bringing  oxygen  and  food  for 
many  sea  animals  (pp.  196,  197). 

Summary.  —  Ocean  currents  affect  climate,  inflvence  the  movement 
of  vessels,  and  are  fuHher  important  in  causing  fogs,  driJJing  sea  ice 
and  icebergs,  and  bearing  oxygen  and  food  for  sea  aiiimtils. 

138.  Ice  in  the  Ocean.  — Each  winter  a  large  part  of  the  Arctic 
Ocean  is  frozen  over,  often  Vo  a  deptii  of  5  or  10  feet.  The  tidal 
currents  move  the  ice  about,  opening  cracks  or  leads,  and  closing 
them  again  with  so  irresistible  a  force  that  the  ice  is  broken  and 
piled  up  in  ridges  oipack  ice  often  50  or  100  feet  high.  More  than 
one  Arctic  ship  has  been  cnished  like  an  eggaheil  between  these 
moviug  ice  fields. 

Nansen,  Abruzzi,  and  Peary  have  all  tried  to  reach  the  North 
Pole  over  this  frozen  sea;  but  the  many  leads,  and  the  irregular 
surface  of  the  ice  packs,  have  proved  such  barriers  to  progress 
that  a<i  ono  hao  yftfrsuooeoded  in  tiaohing  the  V^-P^xrij-Cttk-  [ Q ga 

In  summer  the  ice  breaks  \ip,  and  the  fragments  flTift  soirth- 
ward  till  they  melt.  Each  spring  and  early  summer  there  is  a 
steady  stream  of  these  ice  fragments,  or  icefloes,  passing  down  the 
Labrador  coast  in  the  Labrador  current  (l''ig.  310). 

Icebergs,  discharged  from  the  ice  sheets  of  Greenland  and  other 
northern  islands  (p.  14-'>),  also  drift  in  the  Ai-ctic  waters  (Fig.  339).       | 
They  are  huge  floating  islands  of  ice,  aometimea  rising  more  than 
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I.  340. —  Set  ice  In  mnimer  in  the  Labrador  Cuiimt  off  the  ci 
Land.    Tlie  ship  vm  beid  here  (or  several  days,  then  the  ice  wu  opened  bj 
tidal  curreata  and  die  ibip  was  able  to  leave. 
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100  feet  above  the  Trater,  Since  ice  floating  in  salt  water  has  about 
seven  parts  below  water  to  one  above,  some  of  these  bergs  extend 
700  or  800  feet  beneath  the  surface.  They  frequently  run  aground 
(Fig.  267),  either  breaking  to  pieces  by  the  shock,  or  remaining 
aground  till  melting  allows  them  to  float  away.  So  huge  are  these 
bergs  that,  before  melting  entirely,  they  may  travel  1000  or  2000 
miles,  even  down  to  the  path  foilowed  by  ocean  liners.  They 
are  much  dreaded,  for  even  the  largest  ship  may  be  destroyed  by 
running  into  one. 

Far  greater  icebergs  are  discharged  from  the  Antarctic  ice  sheet, 
some  of  thera  rising  500  feet  above  the  water  and,  consequently, 
measuring  three  quarters  of  a  mile  from  base  to  top.  They  have 
steep  sides  and  flat  tops,  and  are  sometimes  several  miles  long. 

Summary.  —  77ic  Arctic  sea-ice,  formed  in  winter,  breaks  up  in 
summer,  some  of  it  drifting  soutjiwurd  in  the  Labrador  (Mrrent. 
Huge  icebergs,  discharged  from  the  Greenland  ice  sheet,  drift  in  the 
Arctic,  and  still  larger  ones  in  the  Antarctic 

LIFE  IN  THE  OCEAN.  . 

139.  Surface  (Pelagic)  Life.  —  The  abundance  of  life  in 
the  ocean  is  marvelous.  A  pail  of  water  dipped  from 
the  surface  will  contain  thousands  of  individuals,  mostly 
microscopic.  These  organisms  are  drifted  about  by  winds 
and  currents,  and  with  them  are  many  larger  forms,  some 
merely  floating,  some  swimming.  Pieces  of  floating  wood 
have  animals  attached  to  them ;  and  in  the  floating  seaweed, 
many  animals  live  in  little  worlds  of  their  own. 

The  minute  organisms  are  the  source  of  food  for  many 
larger  animals,  even  for  the  huge  whales.  Swimming  with  its 
mouth  open,  the  whale  strains  the  water  to  obtain  its  food,  and 
thns  the  largest  of  animals  feeds  upon  the  smallest. 

Among  the  many  fishes  are  some,  like  the  mackerel,  which 
are  valuable  for  food  supply.  For  protection,  the  mackerel 
and  some  other  fishes  swim  together  in  vast  numbera,  forming 
"schools"  or  "shoals." 
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SnmnuuT.  —  Life  is  very  abundaJU  in  the  surface  watera,  both 

large  and  microscopic  forms  being  present,  the  latter  serving  as  a 
food  supply  for  even  tfte  largest  of  animals,  tiie  wftule. 

140.  Life  along  Coasts  (Littoral). — Along  the  coast  line 
there  is  also  abundant  animal  life  ;  but  it  is  more  varied 
than  in  the  open  ocean,  because  the  coast  offers  so  many 
different  conditions.  Some  of  the  littoral  animals  swim  in 
the  surf ;  others  cling  to  the  rocky  coast ;  and  others  bur- 
row in  the  sand  or  mud.  Many  kinds,  such  as  clams,  oysters, 
lobsters,  and  a  large  number  of  Ushes,  are  valuable  as  food ; 
others,  such  as  sponges,  precious  corals,  and  pearls,  are  of 
value  for  other  purposes. 

Plants,  as  well  as  animals,  abound  on  the  seitcoast  This  is 
true  in  the  mangrove  swamps  of  the  tropical  zone  {Fig.  379)  and 
the  salt  marshes  of  the  temperate  zones  (Fig.  378) ;  it  is  also  true 
of  rocky  coasts,  to 
which  seaweeds 
cling,  covering  the 
rock  with  a  mat  of 
plant  growth  (Fig. 
331). 

Some  conditions 
are  unfavorable  to 
littoral    life;     for 
example,   (1)   fre- 
quent   earthquake 
shocks,  (2)  the 
grinding  of  Arctic 
aea-ice,  and  (3)  the 
grinduig  of  moving 
sand   and    pebbles 
on  the   beaches. 
Other  conditions  are  very  favorable,  especially  the  presence  of 
food-bringing  currents.     Few  parts  of  tlie  earth  have  such  an 
abundance  and  variety  of  animal  life  as  the  coral  reefs  (Fig.  380), 
which  ai-e  bathad  by  warm  ocean  currents. 
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The  iuSuence  of  food-bringing  currents  is  felt  on  those  shallow 
banks,  known  as  fiahiny  batJat,  where  large  numberB  of  food  fish 
live.  This  is  well  illustrated  on  the  fishing  banks  off  northeastern 
America,  such  as  Georges  and  the  Grand  Banks  of  Newfoundland, 
which  are  bathed  by  the  Labrador  current  These  are  resorted 
to  for  cod,  haddock,  and  halibut  by  fishing  vessels  from  France, 
Newfoundland,  Nova  Scotia,  and  many  New  England  ports,  espe- 
cially Gloucester,  Mass.  From  a  passing  ocein  liner,  the  schooners 
may  be  seen  at  anchor  in  the  open  ocean  (Fig.  341),  the  men  busily 
fishing,  either  from  the  sides  of  the  vessel  or  from  small,  open  dories. 
It  is  a  hazardous  calling,  and  many  a  fishing  vessel  has  beeo  sunk 
during  the  fierce  storms,  or  crushed  by  the  huge  transatlantic  liners. 
Every  year,  also,  men  in  dories  are  separated  from  their  vessels  dur- 
ing fogs,  which  are  frequent  on  the  banks.  They  then  drift  about 
in  the  open  ocean,  often  until  they  starve,  or  freeze,  or  founder. 

Summary.  —  Animai  life  along  the  coast  is  abundant  and  varied; 
there  i«  also  vwch  plant  life.  Food^mngitig  currents  especiaily 
favor  life,  (is  £s  illustrated  on  coral  reefs  and  JUking  banks,  from 
which  valuable  food  Jiili  are  obtained. 

141.  Life  on  the  Ocean  Bottom  (Abyssal).  — Absence  of  sun- 
light prevents  the  existence  of  plant  life  in  the  deep  sea;  but, 
even  at  depths  of  two  or  three  miles,  there  are  animals  on  the 
ocean  bottom  (p.  174).  These  animals  live  in  darkness,  in 
water  almost  at  the 
freezing  point,  and 
under  a  pressure  of 
many  tons. 

The  conditions  on 
the     ocean    bottom  ym.  th-i. — A  deei^eea  fish, 

are    very    uniform : 

summer  and  winter  are  alike;  day  and  night  are  dark;  every- 
where it  is  cold;  and  the  sea  floor  is  a  monotonous  expanse  of 
ooze  or  clay.  The  nature  of  animal  life  varies  with  the  depth 
because  of  differences  in  temperature;  and  where  the  water  is  very 
cold,  animals  are  scarce  and  have  little  vitality.     The  supply  of 


NEW  PHYSICAL  GEOGRAPHY. 


oxygen,  brought  by  the  slowly 
moving  bottom  current  (p.  184), 
and  the  supply  of  food,  which 
settles  down  to  the  bottom  as 
organisms  at  the  surface  die 
and  slowly  sink,  also  limit 
abyssal  life. 

Under  such  uniform  con- 
ditions it  is  not  strange  that 
many  peculiar  forms  of  animal 
life  should  be  found  in  the 
deep  sea.  Some  of  them,  like 
the  stalked  crinoids  (Fig.  343), 
belong  to  types  once  abundant, 
but  now  living  only  on  the 
ocean  bottom.  There  they  have 
been  able  to  survive,  as  in  an 
asyl  um,  while  those  which  were 
out  in  the  world,  and  exposed 
L  atftlked  crlnoid  from  the  tO  the  Struggle  that  goes  on 
deep  sea.  there,  have  been  exterminated. 

—  There  ts  wonderful  uniformity  of  conditions  in  (he 
deep  sea,  in  which  animals,  but  no  plants,  lioe.  The  abundance  and 
distribution  of  animal  life  are  influenced  mainly  by  temperature, 
oxygen  supply,  and  food  supply. 

Topical  Outline,  Questions,  and  SooQESTroire. 

Topical  OtrrLiNE.  — 124.  Oceanography.— Definition;  exploring  ei- 
peditioDs;  cables;  sounding;  water  aamples ;  ocean-bottom  mud;  tem- 
perature; dredging. 

125.  0c«anBuiii8.  —  General  condition;  deep-sea  plains;  deeps;  eleva- 
tions; Atlantic,  —  dee[>esb  point,  volcanoes,  mid-Atlantic  ridge;  Pacific, 
—  volcanic  chains,  deepest  point,  other  deeps;  Arctic;  Southern  Ocean. 

12S.  Deposits  on  the  Ocean  Bottom. —  (A)  Rock  fragments:  source; 
deposit;  fossils,  (I))  Ocenn-bollom  oozes:  absence  of  rock  waste;  ares 
of  ooze ;  materials  in  ooze ;  source  o[  organisms ;  globiRerina  ooze ;  pttro- 
]>od  ooze;  diatom  ooM.  (C)  flerf  c/aj;;  solution  of  shells;  insoluble  parts; 
red  color;  slowness  of  accumulation ;  proofs. 
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127.  Land  ud  Oceao-bottom  Topography. — Mountain  folding  kdA 
volcanic  nctioD ;  erosion;  sediment;  result  of  differences. 

128.  Suriace  of  Ui«  Sea.  — Sea  level;  effect  of  continents;  of  winds 
and  storms ;  of  deposit  of  sediment ;  of  sinking  ocean  bottom. 

120.  Composition  of  Sea  Water.  —  Original  condition;  increase  in  salt- 
ness;  proportion  of  salt;  other  mineral  substances;  amonnt  of  salt; 
importance;  carbonate  of  lime;  presence  of  air;  importance. 

130.  Density  and  Pressure  of  Sea  Water.  —  (a)  Deoaity:  average 
density;  efiect  of  fresh  wat«r;  of  evaporation,  (b)  Fressnn:  amount; 
reason  for  no  effect  on  animab;  animals  brought  to  the  surface;  density 
of  ocean-bottom  water. 

l^tl.  Color  and  Light.  —  (a)  Color;  entrance  of  sunlight;  blue  color; 
gieeii  color;  Yellow  River;  Ked  Sea.  (b)  Light:  darkness  of  ocean 
bottom ;  blind  fish ;  phosphorescence  on  ocean  bottom ;  at  tlie  surface. 

132.  Temperature  of  the  Oceana.  —  From  tropical  to  frigid  zones; 
inclosed  seas ;  decrease  downward ;  ocean  bottom ;  cooling  of  fresh  and 
salt  water ;  circulation ;  effect  on  animals ;   inclosed  sea  bottoms. 

13a.  Wind  Waves. — Cause;  nature  of  movement;  height;  crest; 
trough;  whitecaps;  rate  of  movement;  effects  on  vessels;  use  of  oil; 
rollers;  breakers;  underlon  ;  movement  of  rock  fragments. 

lai.  Other  Waves.  —  Eartliqualce  wave?,  —  cause,  size,  effects,  occur- 
rence, distance  of  travel ;  iceberg  waves ;  hurricane  waves. 

l-')5.  Tides.  —  (a)  Nature  of  tides:  time  of  passsge;  tidal  range; 
increase  on  coast;  movement  in  open  ocean;  currents  on  coast;  flow; 
ebb.  (6)  Influence  of  coast:  ordinary  range;  effect  of  V-shaped  bays; 
of  broadening  bays;  Mediten-anean  ;  races;  examples;  bore,  (c)  Influ- 
ence of  moon's  phases:  spring  tides;  neap  tides;  relation  of  tidea  to 
moon,  (rf)  Effects  of  tides;  on  deposit  of  strata;  on  deposits  in  harbors; 
on  circulation  of  water  in  harbors;  on  navigation. 

136.  Ocean  Cnrrents.  —  Early  knowledge  ;  effect  of  temperature  differ- 
ences; of  steady  wind.i;  resemblance  between  winds  and  currents;  adrift; 
astream;  Equatorial  Drift;  effect  of  continents  ;  effect  of  rotation ;  Sar- 
gasso Sea;  Gulf  Stream;  Xorl.h  Atlantic  Kddy;  West  Wind  Drift; 
Pacific  eddies;  West  Wind  Drift  of  Southern  Ocean ;  Labrador  Current; 
compare  European  and  American  coasts. 

137.  Effects  of  Ocean  Cnrrents.  —  Climate;  Nansen's  journey;  effect 
on  navigation;  fog;  ice;  oxygen  and  food. 

139.  Ice  in  the  Ocean.  —  (n)  Sea  ice:  depth;  leads;  pack  ice;  travel 
over  the  ice;  ice  floes.  (A)  Icebergs:  source;  size;  grounding;  distance 
traveled;  Antarctic  bergs. 

139.  Surface  (Pelagic)  Life. —  Abundance;  modes  of  life;  whales; 
mackerel. 
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140.  Life  along  Couts  (Littoral). — Varied  conditions;  Taluableani- 
mala;  plant  life;  unfavorable  cooditions;  favorable  conditions;  figluag 
banks,  — location,  food  fish,  fiebing,  dangers. 

141.  Life  on  the  Ocean  Bottom  (AbyHal).  —  Rants;  animals;  aur- 
roundings ;  temperature ;  oxygen ;  food ;  Hurvival  of  types. 

QcBBTioiTB.  — 123.   In  what  ways  is  the  ocean  of  importance? 

124.  What  is  oceanc^aphy?  What  expeditions  have  been  engaged 
in  deep-sea  exploration?  liow  is  the  depth  of  the  sea  learned?  What 
facts  are  learned  during  a  sounding?     How  is  dredging  carried  on? 

125.  What  is  the  condition  of  the  ocean  bottom  }  What  irregularities 
occur?  What  irregularities  are  found  in  the  Atlantic?  In  the  Pacific? 
What  is  known  of  the  Arctic  and  Southern  oceans? 

126.  (A)  What  is  tlie  nature  of  the  deposit  near  the  coaat?  (B)  Why 
is  ooze  deposited  tar  from  land  ?  Of  what  is  it  composed  ?  (C)  What  is 
the  origin  of  red  clay  ?    Prove  that  it  is  forming  slowly. 

127.  Why  are  land  and  ocean-bothim  topography  different? 

128.  What  is  sea  level  ?    How  is  this  level  changed? 

120.  What  is  the  origin  of  the  mineral  substances  in  sea  water? 
What  mineral  substances  are  there?  How  much  salt  is  there?  Of 
what  importance  is  the  carbonate  of  lime?    The  air? 

130.  What  causes  water  to  vary  in  density?  What  is  the  pressure  on 
the  ocean  bottom  ?  Why  do  not  animals  feel  it  ?  What  would  be  the 
condition  if  the  ocean-bottom  water  were  compressed  like  the  air? 

131.  What  causes  are  there  for  the  different  colors  of  the  ocean? 
What  light  is  there  on  the  ocean  bottom? 

132.  What  causes  differences  in  temperature  of  the  ocean-snrface 
waters  ?  What  are  the  temperature  conditions  below  the  surface  7  Why 
is  the  bottom  temperature  lower  than  that  in  lakes?  What  is  the  cause 
of  the  slow  circulation?     What  proof  is  there  of  it? 

133.  What  causes  waves?  What  is  the  real  movement  of  the  water? 
What  causes  whitecaps?  How  high  may  waves  be?  How  fast  may 
they  move?  What  damage  may  they  do  to  ships?  How  may  this  dan- 
ger be  lessened?  What  is  the  cause  of  rollers?  What  causes  breakers? 
What  is  undertow  ?    How  are  rock  f  ragmenta  carried  away  ? 

-     134.   What  causes  earthquake  wavea?    What  are  some  of  their  effects? 
What  other  causes  are  there  for  wave.s  ? 

135.  To  what  height  does  the  tidal  wave  rise?  Under  what  condi- 
tions are  tidal  currents  farmed?  What  is  flow?  Ebb?  What  happens 
as  tides  enter  narrowing  bays?  Where  they  enter  broadening  baysl 
Give  an  illustration.  What  causes  tidal  races?  Give  illustrations. 
What  is  the  bore?  What  reasons  are  there  for  connecting  tides  with  the 
moon  ?    Name  some  important  effects  of  tides. 

■ i_^■^ 
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186.  What  early  knowledge  of  ocean  currents  was  tbere?  What  efied 
baTe  differences  in  temperature  on  ocean  movementsT  What  effect  haa 
the  wind?  Describe  the  ajatem  of  ciirrents  in  the  Atlantic  Ocean,  and 
show  how  it  is  related  to  winds.  Describe  and  explain  the  Gulf  Stream. 
What  is  the  Sargasso  Sea?  What  currents  are  found  in  the  PacificV 
Other  oceans  (Fig.  338)  V    Describe  the  Labrador  Current. 

137.  Name  tJie  important  effects  of  ocean  currenta. 

138.  What  are  the  characteristics  of  sea  ice?  Describe  tlie  icebergs 
of  the  Arctic.    Of  the  Antarctic. 

139.  What  are  the  conditions  of  pelagic  life? 

140.  How  do  the  conditions  surrounding  littoral  Ufe  vary?  In  what 
situations  are  littoral  plants  found?  What  conditions  oppose  littoral 
life?  What  conditions  favor  it?  Why  are  fishing  banks  the  homo  of 
food  fish?    What  dangers  accompany  the  fishing? 

141.  What  conditions  influence  life  on  the  ocean  bottom? 
SuQOBBTioNB. —  (1)  Prove  that  salt  water  ia  more  dense  than  fresh,  by 

patting  shot  in  a  bottle  until  it  will  barely  sink  in  fresh  water,  taking 
care  to  cork  it ;  then  dissolve  salt  in  the  water  and  t^ain  put  the  bottle  in 
it.  (2)  Cut  a  cube  of  ice  and  place  it  in  fresh  water.  Measure  the 
amount  above  and  below  water.  Place  it  in  salt  water  and  measure 
again.  What  is  the  result  ?  (3)  In  a  large  pan,  or  tub,  of  water  place  a 
bottle,  partly  submerged.  Start  waves  by  blowing  on  one  end.  Note  how 
they  travel  beyond  their  source.  Not«  the  movements  of  the  bottle  as 
the  waves  pass  under  it.  Have  the  students  describe  its  movements.  At 
one  end  of  the  pan  make  a  shelving  beach  of  aand,  with  a  cliff  at  one  end. 
Observe  and  describe  the  action  of  the  waves  as  they  approach  the  shore. 
What  differences  are  there  in  the  behavior  of  the  waves  on  the  beach  and 
on  the  cliff?  Are  fragments  removed?  Where  do  they  go?  Make  waves 
that  advance  diagonally  on  the  shore  and  observe  the  movement  of  the 
fragmentB.  To  see  this  clearly,  place  at  one  point  some  colored  objects, 
like  bits  of  colored  glass,  and  note  how  they  move.  (4)  In  the  pan  build 
a  coast,  ronghly  like  that  of  North  and  South  America.  Sprinkle  aaw^ 
dust  on  the  water  and  blow  over  its  surface  from  both  sides  of  a  line 
(the  equator),  to  imitate  the  trade  winda  approaching  the  equator. 
Watch  the  drift  of  water.  Do  you  see  any  resemblance  to  the  ocean- 
current  systems  of  the  Atlantic?  (5)  Take  the  temperature  at  the 
bottom  of  the  pan  near  the  middle  line,  then  place  ice  in  the  water  as  tar 
away  from  the  middle  as  possible.  Be  careful  not  to  stir  the  water. 
Aft«r  the  ice  has  melted,  again  take  the  temperature  under  the  middle 
line.  What  ia  the  difference?  It  would  be  possible  also  to  imitate  the 
conditions  in  the  Gulf  of  Afexico  (p.  184).  (6)  If  the  school  is  by  the 
sea,  or  even  near  a  lake  or  pond,  waves  and  wind-formed  currents  shonld 
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be  studied.  Note  tlieir  force,  form,  and  effects.  (7)  If  by  the  seashore, 
the  tidea  shopld  be  studied.  Observe  lime  of  low  aod  bigh  tides  for 
three  aiiccesaive  day.q.  These  fa^ts  may  be  obtained  from  an  almanac, 
or  better,  troru  the  Tide  Tallies  publiahed  by  the  U.  S.  Coast  Survey  at 
Washington,  the  tables  for  the  yea:-,  for  the  Atlantic  (15  ceiit.s)  and  Pa- 
cific (10  cents)  coasts.  UbaerveLhe  timeof  spriii);  and  neap  tides.  How  ilo 
they  compare  with  the  phases  of  the  moon.  What  is  the  range  of  the  tide 
in  each  case?  Are  there  aziy  tidal  currenta  near  at  hand?  Are  the  tidea 
of  any  importaoce  in  your  harbor?  That  19,  do  tliey  do  any  harm  or 
good?  (8)  On  cro9S-9ectiou  paper,  plot  a  cmve  to  represent  the  high 
and  low  tide  for  a  month  (obtaining  the  facts  from  the  Tide  Tables). 
Let  each  of  twelve  students  do  a  different  month  and  then  paste  them 
all  together.  Above  the  curves  indicate  each  quarter  of  the  inoon. 
Have  the  students  study  these  to  see  how  closely  the  phases  of  the  moon 
coincide  with  variations  in  range  of  the  tide.  Let  the  vertical  side  of 
each  square  represent  a  foot  of  tidal  rise,  and  the  horizontal  side,  three 
hours  of  time.  (B)  On  an  outline  map  of  the  world  sketch  the  ocean 
currents  from  the  chart  in  the  book  (Fig.  338). 

Keference  Books.  —  Thomson,  Depths  of  ihe  Sea,  2  vols.,  Macmillan 
Co.,  New  York,  1873,  f7.50;  The  Atlantic,  Macmillan  &  Co.,  I>ondon,  1877 
(out  of  print);  Acassiz,  Thee  Cruisei  of  Ihe  Blake,2  vols.,  Houghton, 
Mifflin  &  Co.,  Boston,  1888,  fS.OO;  Wild,  Thalasta,  Marcus  Ward  &  Co., 
London,  1877, 12  sbillinga ;  Moselev,  Notes  by  a  Naturalliit,  Murray,  Lon- 
don, 1892,  9  shillings;  Sigsbee,  Deep  Sea  Sounding  and  Dredging,  \j.  S. 
Coast  Survey,  Washington,  D.C.,  1880;  Tannek,  Deep  Sea  Eipinratian, 
p.  1,  189-i  Report,  U.  S.  Fish  Commission,  Waabington,  D.C. ;  Darwin, 
The  Tides,  Houghton,  Mifflin  U  Co.,  Boston,  18fl8,  $3.00;  Tide  Tablen 
for  the  Year,  U.S.  Coast  Survey,  Wsshington,  JO-25;  Pillsburt,  The 
Gulf  Stream,  Annual  Report,  U.  S.  Coast  Surrey  for  1890,  Appendix  11^ 
Washington,  D.C. 
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CHAPTER  XI. 
8HOBB  LINEa. 

142.  Importance  of  Shore  Lines.  —  Some  of  the  busieet 
centers  of  human  industry  are  located  on  or  near  the  sea- 
coast.  The  great  and  increasing  trade  that  uses  the  ocean 
as  a  highway  converges  toward  these  centers;  and  to  and 
from  them,  by  river,  canal,  and  railway,  there  is  a  steady 
movement  of  goods  for  shipment  or  for  distribution. 

So  important  is  the  coast  line  that  cljarts  have  been  made 
of  all  parts  of  it  that  are  reached  by  the  vessels  of  commerce. 
Governments  maintain  bureaus,  like  the  United  States  Coast 
Survey,  whose  duty  it  is  to  map  the  coast,  to  determine  by 
accurate  soundings  the  depth  of  water,  and  to  detect  and 
record  all  changes,  such  as  shifting  of  channels,  which  might 
endanger  ships.  In  addition,  our  government  annually 
spends  large  sums  of  money  for  the  improvement  of  har- 
bors. This  money  is  used  in  building  breakwaters  where 
no  natural  harbors  exist;  in  dredging  out  the  sand  and  mud 
that  waves  and  currents  deposit;  and  in  building  jetties  and 
other  structures  to  control  tlie  deposits  of  sediment  and 
keep  channels  clear. 

The  approach  to  the  coaat,  especially  in  times  of  storm  and 
fog,  is  accompanied  by  so  many  dangers  —  from  hidden  reefs, 
islands,  and  projecting  heaillands  —  that  all  civilized  nations 
spend  large  sums  in  the  effort  to  lessen  those  perils.  To  warn 
sailors,  or  to  guide  them  into  port,  lighthouses  are,  built  on  exposed 
points  and  light-ships  anchored  on  dangerous  ahoals;  and,  on  the 
charts,  the  location  and  characteristics  of  these  lights  are  shown. 
On  approaching  the  coaat  at  night,  the  first  sign  of  land  is  the 
gleam  of  the  lighthouse;    and  by  tlie  color,  brilliancy,  nature  of 
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flashes,  or  other  device,  tlie  mariner  knows  bis  position.  During 
fogs  and  stormy  weathei  a  fog-horn  adds  its  warning  note. 

Specially  trained  pilots  axe  licensed  to  guide  ships  into  port; 
and  buoys  are  placed  at  frequent  intervals  to  mark  the  channel. 
Some  of  the  buoys,  placed  over  reefs  or  near  dangerous  currents, 
have  bells  that  are  rung,  or  whistles  that  are  blown,  by  the  rock- 
ing of  the  waves,  to  warn  the  sailors  of  danger.  Even  with  all 
these  precautions  vessels  far  too  frequently  run  ashore.  To 
rescue  the  shipwrecked,  lifo-saving  stations  are  established  at 
frequent  intervals  by  state  and  national  governments;  and  in 
them  men  with  strong  life-boats,  lines,  and  other  life-saving 
apparatus  are  ever  ready  for  the  call  of  distress. 

The  coast  line  has  become  of  importance  to  many  people  as  a 
vacation  resort.  In  summer,  when  the  interioT  of  the  country  is 
hot,  the  seacoast  is  cool  and  pleasant;  there  are  rocky  coasts  to 
scramble  over,  beaches  to  walk  upon,  surf  to  swim  in,  and  boating 
and  fishing  to  enjoy.  Consequently,  tens  of  thousands  of  people 
go  to  the  seashore  for  a  part  or  all  of  the  summer. 

Summary.  —  The  seacoast  ia  the  site  of  some  oftAebusiest  centers 
of  human  industiy.  It  is  so  important  that  it  is  charted;  harbors  are 
built  or  dredged  out;  lighthouses,  buoys,  and  other  wamitigs  and 
guides  are  placed  along  it;  and  life-saving  stations  are  established. 
ITte  seacoast  is  also  an  important  summer  resort. 

143.  The  Seacoast  is  ever  changing.  —  Waves  and  cur- 
rents are  vigorously  at  work,  wearing  away  tlie  land  (Fig.  347) 
and  moving  rock  fragments  to  places  of  deposit ;  and  rivers 
are  ever  pouring  sediment  into  the  sea.  Along  some  coasts 
the  waves  are  cutting  back  the  cliffs  (Fig.  344)  at  the  rate 
of  one  or  two  feet  a  year  (Fig.  358),  as  on  the  outer  shore 
of  Cape  Cod  and  Martha's  Vineyard.  In  other  places,  deposit 
is  building  out  the  coast,  especially  near  river  mouths 
(Fig.  345).  Pisa,  in  the  Middle  Ages  a  seaport,  is  now 
several  miles  inland  on  the  delta  of  the  Amo,  Leghorn  being 
now  the  seaport  for  that  region. 

Change  in  level  of  the  Und  (p.  85),  even  though  slight 
in  amount,  produces  a  difference  in  the  form  of  the  coast. 
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A  slight  elevation  brings  cliffs,  beaches,  and  sea-bottom 
plains  (p.  72)  above  the  reach  of  the  waves  j  a  slight 
depression,  allowing  the  sea  to  enter  the  valleys,  entirely 
alters  the  outline  of  the  coast.  An  elevation  or  depression 
that  in  the  interior  would  pass  unnoticed,  causes  such  changes 
Id  the  seacoast  that  it  cannot  escape  attention. 

Since  waves  are  ever  at  work,  since  deposits  of  sediment 
are  always  being  made,  and  since  the  earth's  crust  is  con- 
Btaatly  rising  or  falling,  any  study  of  coast  lines  must  be 
largely  concerned  with  the  effects  of  such  changes. 

SvmniAry.  —  The  coast  is  being  cut  back  by  the  waves  in  aotne 
places,  atid  buUl  oiit  by  deposits  in  others;  and  Tnany  changes  are 
made  by  risiiuf  or  sinking  of  the  land. 

144.  Elevated  Sea-bottom  Coasts.  — The  uplift  of  sea  bot- 
toms, forming  coastal  plains  (p.  72),  produces  a  low,  flat, 
straight  coast  line,  not  generally  fitted  for  dense  settlement. 
Such  coasts  are  found  in  southern  United  States,  Yucatan, 
eastern  Central  America,  and  Argentina.  The  land  back  of 
the  coast  is  often  so  level  that  it  is  swampy,  unhealthful,  and 
unfitted  for  agriculture. 

In  tropical  lands,  as  in  Centi'al  America  and  Africa,  such  plains 
are  the  seat  of  deadly  malaria.  Being  made  of  soft,  unconsoli- 
dated deposits  of  clay,  sand,  and  gravel,  the  soil  is  often  so  sterile 
as  to  be  unsuited  to  cultivation.  Where  the  soil  is  fertile  and  not 
too  damp,  however,  the  level  plains  make  excellent  agricultural 
land;  but  the  lack  of  good  harbors  is  a  handicap  to  devel- 
opment. Good  harbors  are  rare,  chiefly  because  the  contact 
of  the  sea  with  a  level  plain  makes  a  straight  coast  with  few 
irregularities. 

If  a  slight  sinking  occurs,  as  has  been  the  case  in  southern 
United  States,  the  sea  enters  the  valleys,  forming  bays  and  har- 
bors ;  hut  the  harbors  are  likely  to  be  poor,  because  the  valleys 
of  a  coastal  plain  are  Rhallow.  Moreover,  the  waves  and  currents, 
working  with  loose  rock  fragments,  qiiickly  build  sand  bars,  which 
skirt  the  coast,  inclosing  shallow  lagoons,  and  even  extending 
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across  the  mouths  of  bays  and  harbors  (Figs.  372,  373).  A  con- 
stant struggle  is,  therefore,  necessary  to  prevent  their  entrances 
from  being  choked  with  sand. 

Sammnry.  —  Elevated  seorbottom  plains  are  low,  levd,  gtraight, 
skirled  by  sand  bars,  and  have  few  harbors,  and  these  mostly  shaUoto 
and  poor,  even  inhere  sinking  of  the  land  has  admitted  Ike  sea  to 
the  valleya.     Such  conditions  do  not  favor  dense  settlement. 

145.  Straight  Hountainous  Coasts.  —  The  uplift  of  sea  bot< 
toniB  is  sometimes  accompanied  by  mountain  folding.  This 
either  raises  narrow  strips  of  coastal  plain,  between  the 
mountains  and  the  sea,  or  else  causes  the  mountains  to  rise 
directly  out  of  the  sea.  Where  the  mountains  rise  from  the 
ocean  in  long  chains  of  folds,  they  produce  a  straight  and 
regular  coast  line. 

Such  a  coast  exists  in  western  America,  from  Oregon  to 
central  Chile  (Fig.  346).  Along  this  coast  there  are  few 
harbors,  bays,  capes,  and  peninsulas.  In  many  places  the 
mountains  rise  directly  from  the  sea;  elsewhere  at  the  inner 
margin  of  a  narrow  coastal  plain  (Fig.  117).  The  sea  bot- 
tom slopes  rapidly,  and,  in  a  short  distance  from  the  coast, 
the  water  is  15,000  or  20,000  feet  deep  (p.  20). 

This  coast  has  been  recently  elevated,  and,  in  many  places,  is 
still  rising.  Both  in  1822  and  183J5  a  part  of  the  coast  of  Chile 
was  suddenly  raised  2  or  3  feet ;  and  beaches  and  sea  sheila  on 
the  mountain  slopes  prove  other  recent  uplifts. 

For  several  reasons,  such  coasts  are  not  suited  to  dense  popula- 
tions and  high  development  of  industries.  (1)  There  are  so  few 
harbors  that  a  place,  even  though  on  the  shore,  may  be  a  long  dis- 
tance from  a  shipping  point.  (2 )  Hetween  the  mountains  and  the 
sea  there  is,  at  best,  only  a  narrow  strip  of  fairly  level  laud,  limit- 
ing the  resources.  (3)  The  mountains  act  as  a  barrier  to  inland 
commuuication,  few,  if  any,  large  streams  breaking  across  them. 
Peru  and  Chile  have  only  recently,  and  at  great  expense,  opened 
railway  communication  across  the  Andes  barrier  (Fig.  184).  The 
scattered  seaports,  therefore,  have  little  country  tributary  to  them. 


Fio-  344.  — Islaod  of  Heligoland,  tn  ihe 
NoTtb  Sea.  Tbe  outer  line  represents 
it  in  tiie  year  800,  wiien  its  citcnmtet- 
ence  was  120  miles ;  large  aliaded  area 
in  1300,  circumference  reduced  by  wave 
erosion  U>  45  mfles ;  inner  sliaded  area 
In  1&)9,  circamteience  only  H  miles. 


Fio.  34S.~CI)ange9  In  the  coast  of  a  part 
of  Asia  Minor,  by  depooitg  made  chiefly 
liy  the  river  Msander  (iroin  nhlch  our 
word  "  meander"  is  derived). 


Fio.  St6.  — The  itralght,  mountainous  coast  of       Fio.  34T.  — An  old  pump  on  the  coast 
we«t«m  South  America.  of  Ireland,  showing  bow  the  waves 

have  cut  away  tha  land. 
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Summary.  —  Long  chains  of  movntains,  rising  from  the  sea,  form 
straight  coasts,  as  in  western  America.  The  scattered  harbors,  the 
narrow  area  of  level  land,  and  Ike  mountain  barrier  render  such 
coasts  ujiauited  to  dejise  settlement  or  high  development  of  industries. 

146-  Irregular  Mountainous  Coasts. — Mouutain  growth 
makes  irregular  coasts  more  cotumonly  than  straight  ones. 
Irregular  coasts  result  (1)  when  mountains  rise  as  chains 
of  islands  near  continents,  as  in  the  case  of  the  West  Indies, 
Bast  Indies,  Philippines,  and  Japanese  Islands;  (2)  when 
the  ranges  extend  out  from  the  mainland  as  peninsulas,  as 
in  the  case  of  Italy,  Greece,  Alaska,  and  the  Malay  Penin- 
sula ;  and  (3)  when,  hetween  mountain  ranges,  parts  of  the 
crust  sink,  thus  admitting  the  ocean  and  forming  gulfs  or 
seas,  like  the  Gulf  of  California  and  the  Mediterranean. 

The  Mediterranean  is  a  broad,  deep  depression  (over  14,000 
feet  in  depth)  between  the  mountains  of  Europe  and  Africa. 
It  is  almost  cut  off  from  the  ocean  where  the  Atlas  Mountains  of 
Africa  nearly  meet  the  mountains  of  Spain  at  the  Straits  of 
Gibraltar;  it  is  almost  connected  with  the  ocean  at  the  low 
Isthmus  of  Suez,  Its  coast  line  is  very  irregular,  because  there  are 
so  many  short  mountain  chains,  extending  in  different  directions. 
These  form  the  peninsulas  of  Tunis,  Italy,  Greece,  and  Asia 
Minor,  besides  many  smaller  projections;  and  also  chains  of 
islands,  among  which  Cyprus,  Crete,  Sicily,  the  Balearic  Isles, 
and  Corsica  aud  Sardinia  are  the  largest.  The  mountain  chain 
of  Italy,  extending  through  Sicily,  and  along  a  submarine  ridge  to 
the  Tunis  peninsula,  almost  cuts  the  Mediterranean  in  two. 

Many  other  large  seas,  such  as  the  Caribbean  Sea,  Gulf  of 
Mexico,  Japan  Sea,  China  Sea,  and  Red  Sea,  are  partly  in- 
closed by  mountain  uplifts.  Still  smaller  seas,  bays,  and 
even  harbors  have  been  made  by  the  uplift  of  mountainous 
islands  and  peninsulas.  Where  there  has  been  a  later  sink- 
ing, as  in  Greece,  the  entrance  of  the  sea  into  the  moun- 
tain valleys  has  made  many  small  bays  and  deep  harbors. 
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Irregular,  mountainous  coasts  are  better  fitted  for  habitation 
than  straight,  mountainous  coasts.  Comniunicatiou  by  land  is 
difficult,  and  thf  coast  line  ia  often  steep  and  rocky  (Fig,  348) ;  but 
the  many  harbors,  the  great  length  of  the  irregular  coast,  and  the 
quiet  water  of  the  inclosed  seas  and  bays  all  encourage  navigation. 
It  is  largely  because  of  these  conditions  that  navigation  early 
developed  in  the  Mediterranean  (p.  377).  There  are  many  places 
that,  even  to-day,  can  be  reached  only  by  ship;  and  the  coasts, 
as  in  western  Italy^  are  often  so  mountainous  that  a  railway, 
although  close  by  the  sea,  must  pass  through  a  series  of  tunnels 
near  together.  Wherever  there  is  room  for  towns  or  villages,  as 
on  the  delta  of  a  small  stream,  the  coast  is  well  settled  (Fig-  348)  ; 
and,  back  of  the  coast,  the  settlement  is  especially  dense  along  river 
valleys  that  furnish  a  pathway  to  the  sea. 

Summary.  —  Ujplifl  of  mouTttainoiis  islands  and  peninsaias,  and 
sivking  of  Ike  land  between  mountain  folds,  cause  irregular  coaata. 
Such  coasls,  like  the  Mediterranean,  favor  navigation  because  of  the 
number  of  harbors,  the  length  of  the  coast,  and  tlie  quiet  water;  btU 
they  are  frequently  steep,  rocky,  and  sparsely  settled.  Communicalion 
between  places  along  them  must  often  be  by  ship. 

147.  Coasts  of  Drowned  Lauds.  —  Sinking  of  the  land  drowns 
a  portion  of  it  and  makes  the  coast  line  irregular  (Fig,  349), 
for  the  valleys  are  then  transformed  to  bays,  harbors,  or  estu- 
aries. Sinking  of  the  land  has  made  San  Francisco  harbor 
(Fig.  850)  ;  it  has  made  Massachusetis  Bay,  Boston  harbor, 
and  the  other  bays  and  harbors  of  New  £ngland  ;  and  it  haa 
drowned  the  lower  Hudson  (Fig.  851). 

When  the  hiUs  of  a  drowned  land  have  been  completely 
submerged,  shoals  and  banks  (p.  197)  are  formed  in  the 
sea.  When  the  hills  are  only  partially  submerged,  islands 
are  formed  (Fig.  353),  like  the  British  Isles,  Newfoundland, 
and  the  thousands  of  islands  in  northeastern  (Fig.  354)  and 
northwestern  America.  Where  there  has  not  been  siib- 
uiergenee  enough  to  completely  surround  the  land,  peninsulas 
are  produced,  like  Scandinavia,  Denmark,  Nova  Scotia,  and 
innumerable  capes  and  promontories  (Fig.  354). 
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Fio.  3GI.— Thedioinied  Tall«7  of  the  BndMii,  IooUdk  north  from  Weat  Pidnt, 
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^j^  Thim  m  mrigabJe  to  ocean  ships  solelv  bec4iw  , 
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■  Fia.  3GT.  — AwkTe^utcbumin  UuiookBon  the  Maine* 


Pio.  3U.  —  A  small  b>y,  ot  choam,  which  Ibe  wmTei  hsve  oot  In  the  oi 
Cape  Add.  north  ot  Boston.  Here  >  qbttow  dike  ot  trmp  rock  (aeeB 
middle  ol  tbo  picture)  cros«ea  the  m 
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The  outline  ot  a  sunken  coast  depends  upon  the  nature  of  the 
valleya  that  existed  on  the  land  before  it  was  submerged.     Grand 
fiords,  with  wonderful  scenery,  are  formed  where  the  sea  has 
entered  the  deep,  steep-sided,  mountain  valleys  of  Norway  (Figs. 
352,  356)   and   Alaska.     These    fiord    valleys    were    first    cut 
by    streams,    then 
broadened  anddeep- 
ened  by  glacial  ero- 
sion.     The  Hudson 
is  a  fiord,  and  so  is 
the     Saguenay    in 
Canada. 

Most  fiord  coasts, 
like  that  of  Nor- 
way, are  too  steep 
and  nigged  for 
much  settlement. 
The  villages  are 
usually    on    small 

deltaa,      and     very  Fio.  366.  -  A  Norwegian  fiord. 

often  the  only  com- 

niunication  between  them  is  by  water.     Such  conditions  account 
for  the  development  of  that  ra^e  of  hardy  sailors,  the  Korsemen. 

The  coast  south  of  Sew  York  is  strikingly  ditferent  from  the 
rocky  coast  farther  north.  This  difference  is  due  to  the  fact  that 
this  is  a  region  of  soft  rock  and  plains,  crossed  by  broad  valleys 
with  gently  sloping  sides.  The  entrance  of  the  sea  into  these  has 
formed  broad,  shallow  bays  with  gently  rising  margins,  as  in 
Delaware,  Chesapeake,  and  Mobile  bays.  Along  such  coasts 
communication  by  land  is  easy  and  agricidture  thrives. 

There  are  several  reasons  why  moderately  low,  irregular  coasts, 
like  those  of  the  Middle  States,  New  England,  and  England, 
are  favorable  to  settlement  and  development.  (1)  There  is  an 
abundance  of  harbors,  —  in  fact,  as  in  Maine  (Fig.  354),  often  far 
more  than  are  needed,  (2)  The  irregularity  makes  a  very  long 
coast  line  for  fishing  and  navigation.  (3)  There  are  protected 
bays  and  sounds  for  fishing  and  navigation.  (4)  Sinking  of  the 
land  opens  up  waterways  to  the  interior.     The  Columbia,  Hud- 
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SOU,  and  Thames  are  navigable  to  oceau  ships  solely  because  j 
recent  sinking  has  admitted  the  sea,  Portland,  New  York,  and  ' 
London  could  not  otherwise  be  important  seaports. 

The  formation  of  islands  cuts  off  connection  with  the  mainland 
and  produces  very  important  effects  on  the  inhabitants.  Thus 
Newfoundland  is  so  isolated  that  its  interests  are  different  from 
those  of  the  Canadian  provinces,  and  it  has  declined  to  join  the 
Canadian  Confederation.  The  sinking  of  the  land,  which  sepa- 
rated Great  Britain  from  Europe  at  the  Strait  of  Dover,  has  pro- 
tected the  British  from  inroads  of  invaders  by  land,  and  has 
forced  the  development  of  navigation  and  a  navy  (p.  389), 

Summary.  —  Sinking  of  tfw  land  forms  bays,  harbora,  and  eatua- 
1-iea  in  valleys,  a?id  makes  skoals,  banks,  ixlands,  and  peninauku  of 
hiUa,  thus  making  the  coaat  irregular.  The  aiibmiergenoe  of 
mounlainojis  regions  forms  fiords,  and  a  rugged  coa^  auitei  to  navi- 
gation, but  not  to  dense  settlement.  Regions  of  aoft  rock,  when 
drowned,  have  broad,  sluUlow  bays  with  gently  aloping  aides,  adapted 
to  agricuUitre.  Moderately  low,  irregular  coasts  favor  dev^opment 
because  of  the  harbors,  the  favorable  conditions  for  fiahing  and 
navigation,  and  tlte  opening  of  waterways  to  the  interior.  Hie  forma- 
tion of  islands  iaolatea  people  and  greatly  influences  their  history. 

148.  Wave  and  Tide  Work.  —  Waves  are  constantly  batter- 
ing at  the  coast  line,  cutting  cliffs  where  possible  and  moving 
the  fragments  about  (p.  186).  Some  of  the  sediment  is 
dragged  offshore  by  the  undertow  and  tidal  cun'onts ;  some  is 
drifted  along  the  coast  by  the  waves  and  the  tidal  and  wind- 
formed  currents.  On  rocky  coasts  this  shore  drift  lodges 
between  headlanis,  forming  beaches  (Fig.  364)  ;  on  low, 
sandy  coasts  it  is  built  into  long  sand  bai-s  (Fig,  372). 

Waves  and  currents  are  accomplishing  two  ends  by  this 
work:  (1)  cutting  back  the  land,  (2)  straightening  the 
coast.  An  irregular  coaat  will  not  long  be  tolerated  by 
waves  and  currents;  and,  were  it  not  tor  the  fact  that  there 
are  so  many  movements  of  the  crust,  the  coast  lines  of  the 
world  would  all  be  straight.     When,  therefore,  we  fiad  an 


Fia.  SOT.  —  A  wBTfr«Dt  cbaam  In  the  rocks  on  the  Maine  WUU ' '' 


Fid.  3S8.  — Awftve-cat  cliff  in  theda^oD  tbs  shore  of  L&ka  Ontario.  Thli  cliff 
is  belog  cut  backward  at  the  rate  otalwut  two  teet  a  year ;  and,  bj  this  cut- 
ting, trees  are  undermined  and  caused  to  slide  down  the  cliff  Iac«. 


FlQ.  360.  —  A  lock  cliff  on  tlie  Maine  coast,  showing  boir  the  waves  sometimeH 
nnderCDt,  causing  the  hard  n>ck  to  overbaag.  The  daik  area  in  the  tore- 
gTonnd  Is  the  seaweed  mat,  covered  at  high  tide. 


Fio.  361.  — A  cliR  In  glacial  deposit  on  the  Mawachuaetts  coast.  The  waves 
have  not  been  able  (o  remove  the  lar^e  bowlders  tbat  were  In  the  deposit, 
and  they,  therefore,  remaia  as  an  offshore  platform,  sbowing  that  the  land 
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irregular  coast,  we  may  be  certain  that  the  shore  has  not  stood 
long  enough  at  that  level  for  the  waves  and  currents  to 
straighten  it.  This  work  of  straightening  coast  lines  is  done 
in  two  ways —  (1)  by  cutting  back  the  headlands  and  (2)  by 
closing  up  and  tilling  the  indentationa. 

Sumnuzy. —  Waves  and  currents  are  attacking  the  headlands  and 
moving  the  fragments  either  offshore  or  along  the  coa»t,  in  the  latter 
case  building  beaches  and  bars.  The  result  of  this  work  is  to 
ttraiglaen  tha  ooait. 

149.  Sea  Cliffs. — Where  wave  work  is  vigorous,  as  on 
headlands  and  on  exposed  island  coasts,  the  waves  are  saw- 
ing into  the  land  (Figs.  344,  S47).  The  zone  of  most  active 
wave  work  is  almost  exactly  at  the  sea  level,  though  the 
spray  may  dash  to  a  height  of  50  or  100  feet.  The  advanc- 
ing breakers  hurl  against  the  cliffs  tons  of  water,  bearing  sand, 
pebbles,  and  even  bowlders.  They  act  like  battering  rams, 
undercutting  the  cliffs  along  the  surf  line  (Fig.  360),  and 
thereby  undermining  the  rock  so  that  it  falls  and  keeps  the 
cliff  face  precipitous. 

If  made  of  hard  rock,  sea  cliffs  are  very  steep  (Fig,  862), 
though  weathering,  aided  by  the  salt  spray,  usually  prevents 
them  from  becoming  vertical.  If  made  of  clay  or  sand,  the 
cliffs  are  steeply  inclined  and  constantly  sliding  down  (Figs, 
358,  361,  367).  On  exposed  coasts,  sea  cliffs  may  rise  sevei-al 
hundred  feet ;  but  generally  they  are  much  lower. 

Cliffa  in  which  the  rocks  have  uniform  texture  may  be  straight 
and  regular ;  but  if  the  strata  vary,  the  waves  discover  the  difEer- 
ences  and  make  the  shore  irregular.  Then  chasms  (Figs.  3fi5,  367) 
and  sea  caves  (Fig.  359)  are  cut  in  the  cliffs  along  the  weaker 
strata.  These  irregularitiea  cannot  be  cut  very  far  back  into  the 
land,  nor  to  a  very  great  breadth,  because  the  force  of  the  waves 
is  soon  worn  out  on  the  sides  and  bottom.  For  this  reason,  waves 
cannot  carve  out  large  bays. 

Sea  cliffs  may  be  cut  back  for  hundreds  of  feet,  leaving  a  plat 
form  of  rock  (Figa.  361,  362)  which  the  waves  cpjitinue J.q  pl^S 
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dowD  until  they  no  longer  break  upon  it.  In  the  open  ocean  entire 
islands  have  been  cut  away  by  waves  (Fig.  234),  leaving  only 
shoals  or  reefs.  As  the  clitfs  wear  back,  farms  and  houses  are 
undermined  and  caused  to  tumble  into  the  sea. 

Such  headlands,  with  their  offshore  platforms,  are  dangerous  to 
navigation ;  and  a  vessel  wrecked  upon  the  wave-beaten  reefs  is 
doomed.  There  is  little  hope  that  the  shipwrecked  sailors  can 
escape,  for  there  is  no  landing  place  on  the  cliffs,  and  the  waves 
are  ever  breaking  on  the  reefs  near  their  base.  It  is  partly  for 
this  reason,  and  partly  because  of  their  height,  that  headland 
cliffs  are  commonly  selected  as  the  sites  of  lighthouses  (Fig.  362). 

Summary.  —  The  aawinff  of  the  tcaves  into  the  tand  cuts  sea  cliff's, 
leaving  offsliore  platforvis  as  tlie  diffs  are  p'isJifd  back.  Weather- 
ing  prevejUa  moat  cliffs  from  beiiig  vertical,  but  all  are  sleep,  even 
those  in  sand  or  clay.  Where  there  are  differences  in  the  rocks,  choMns, 
sea  caves,  and  other  smail  irreijularities  are  produced.  Headland 
cliffs  and  offshore  pkUforma  are  dangerous  to  navigation. 

150.  Beaches.  Hooks,  Bars,  etc.  —  Bowlder  (Fig.  363)  and 
pebble  beaches  (Kig.  364)  are  built  of  the  larger  rock  frag- 
ments, wrested  from  the  cliffs  and  driven  along  the  coast, 
till  they  lodge  in  bays.  Smaller  fragments  make  sand 
beaches  (Fig.  865);  and  the  still  finer  clay  settles  in  the 
protected  bays,  harbors,  and  estuaries,  forming  mud  banks 
and  flats.  Some  fine-grained  sands  form  quicksarida.  In  these 
are  numerous  particles  of  mica,  which  permit  the  sand  grains 
to  slip  over  one  another  when  wet,  so  that  an  object  sinks 
into  the  sand. 

In  little  pockets  between  headlands  there  are  often  small 
"pocket"  beaches,  sometimes  called  "half  moon"  beaches,  be- 
cause of  their  crescentic  shape  (Figs.  363,  366).  Behind  them 
small  ponds  are  often  shut  in.  On  exposed  coasts  these  beaches 
are  of  bowlders  or  pebbles;  in  more  protected  places,  of  sand. 
The  beaches  serve  as  mills,  in  which  rock  fragments  are  ground 
so  fine  that  they  can  be  borne  off  by  the  currents  and  undertow. 
The  rounded  form  of  beach  pebbles  shows  how  they  are  rolled 
about. 


Flo.  363.  —  A  bowld«T  pocket-beach  on  tbe  exposed  noaM  of  Cape  Ann,  Hua. 


Fio.  366.— AcKsemt  b«ach  In  a  small  bay  harbor  on  f1atitaCalalliiaIaUi>d, 
Cal.  One  portion  at  the  cliffs  that  »uppl;  this  beach  li  Been  on  tha  right,  In 
the  diatance.  There  Che  iraves  have  not  quite  cooiumed  tlie  land,  bat  hav« 
left  a  part  standing  aa  an  Island. 


Fia.  %T.  —  Highland  Llt;Lt  cliff  on  the  back  shore  of  Cape  Cod  (Fig.  3TS).  TUl 
cliff  of  louse  sand  Is  wesriug  back  so  fast  that  Utile  vegetation  Is  able  to 
And  root  on  Its  slipping  face.  It  is  supply  log  sand  tor  the  waves  and  oor- 
'•nt*  to  drift  along  Uie  coast  and  biilld  Into  sand  bars  and  shoals. 


Flo.  369.  —  A  bar  Joining  a  unall  Island  to  the  land  on  tba  eoMt  of  Sicily. 


tta.  STO.  --A  bar  at  Nortb  fnlrhaven,  NY.,  mi  the  ibore  of  I«ke  OoUrlo, 
partly  ihattlng  In  a  broad  bay.  The  openlnft  !■  malnwlned  b;  the  odI- 
flow  ol  water  from  llie  land  itreame.  The  pebblei  of  which  this  bar  Is 
made  are  eappUed  tront  a  nnmber  of  cUfFe,  of  which  Fig.  3S6  la  one. 
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Some  of  the  rock  fragments  that  are  moved  along  the  coast 
are  dropped  at  the  entrance  to  bays,  building  bare  across 
them  (Fig.  373).     If  there  is  much  drainage  from  the  land, 
an  opening  through  the  bar  will  be  maintained  (Fig.  370); 
but  if  not,  a  bar  may  completely  seal  a  bay  (Fig.  373).    A 
fresh -water     pond 
then    gathers    be- 
hind the  bar,  slowly 
draining    through 
it  by  seepage. 

On  many  coasts, 
where  there  is  an 
abundant  supply  of 
sand,  long  bars  are 

built.  tor      ex-    pra.  373. ~ A  portloa  o(  the  sontb  Bbo™  "Mart'tlili 

ample,    the    waves  vineyard,  sbowliiK  huw  the  growth  ol  Band  ban 

are       vieorouslv  "'^  straighteo  an  irregular  coaal  by  shntting  in 

°  ■'  the  bays  and  cbanglng  Ihem  to  poods. 

wearing  back  the 

high  cliffs  (Fig.  367)  at  Highland  Light,  Cape  Cod,  and 
building  bars  out  of  the  sand  (Fig.  375).  In  the  same  way 
Sandy  Hook  (Fig.  368)  has  been  built  of  debris  worn  from 
the  cliffs  of  the  New  Jersey  shore. 

Such  bars  may  be  straight,  or  they  may  be  curved  at  one  end, 
forming  hooka  (Fig.  374),  tike  Sandy  Hook  (Fig.  368)  and  the 
curved  end  of  Cape  Cod  (Fig.  376).  In  some  places,  often  at 
bends  iu  the  shore,  waves  and  currents  from  opposite  directions 
drive  pebbles  or  sand  out  into  the  water,  building  small  points,  or 
xpitt.  Bars  sometimes  form  an  angle  projecting  seaward,  making 
a  cu^,  like  Capes  Hatteras,  Fear,  Lookout,  and  Canaveral.  Other 
bars  are  often  built  in  the  tee  of  islands  (Fig.  369). 

Summary.  —  Rock  fragmettts,  drifted  al'/ng  the  coast,  build  beaches 
in  pockeU,  bars  across  bays,  long  bars  where  large  quantities  of  sand 
are  supplied;  also  hnoks,  spits,  atid  cusps.  The  material  varies 
from  bowlders  to  sand,  much  of  the  fine  clay  going  into  the  bays. 
Ihe  beaches  are  milts  in  which  rock  fragments  are  ground  up. 
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Fio.  374.  —  A  hook  in  one  of  the  Bras  d'Or  Lnk^B  (really  an  arm  of  the  sea)  In  Cip« 
Breton  Island,  Nova  Scotia.  It  is  made  of  pebbles  driven  out  Into  the  water 
b;  the  waves. 

151.  Offshore  Bars.  —  From  New  Jersey  to  the  Rio  Grande 
most  of  the  coast  is  faced  by  bars  at  some  distance  from  the 
mainland,  from  which  they  are  separated  by  shallow  lagoons 
(Fig.  372).  One  of  the  longest  of  these  bars  extends  along 
the  Texas  coast  from  the  mouth  of  the  Rio  Grande  (Fig.  371). 
River  water  enters  tlie  lagoons,  some  of  it  seeping  through  the 
bar,  the  remainder  escaping  through  gaps  that  the  outflowing 
and  incoming  tide  are  able  to  keep  open.  The  movement  of 
Siind  along  the  shore  constantly  threatens  to  close  these  chan- 
nels; and  for  this  reason,  where  the  channels  are  used  as 
harbor  entrances,  as  at  Galveston,  it  is  necessary  to  build 
jetties  to  keep  the  entrance  deep  enough  for  large  ships. 

Such  offshore  bars,  or  barrier  beaches,  are  thrown  up  where 
waves  advance  over  a  shallow  bottom  of  unconsolidated  sedi- 
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ment.  The  shallowness  interferes  with  the  onward  movement 
of  the  waves,  and  where  they  commence  to  break,  the  sand  is 
pushed  up  into  a  ridge  or  bar.  The  wind  builds  the  bars  still 
higher,  raising  sand  dunes  (Figs.  376,  377),  sometimes  100  feet 
high.  The  waves  gradually  consume  the  sand  bars,  eating  them 
away  on  the  seaward  side  and  pushing  them  back  toward  the  land. 
Beaches  and  bars  are  often  useful  as  places  for  landing  boats 
(Figs.  348, 366) ;  and  for  bathing  they  are  resorted  to  by  hundreds 
of  people.  OSsbore  bars  are,  in  addition,  habitable,  though  usually 
BO  aterile  that  they  are  inhabited  only  by  fishermen,  lighthouse 
keepers,  and  pleasure  seekers.  Yet  some  bars,  like  the  Sea 
Islands  off  the  Georgia  coast  (Fig.  376),  where  the  long-fibered 
Sea  Island  cotton  is  raised,  are  excellent  farm  land  Here  and 
there,  too,  because  of  the  absence  of  other  kinds  of  harbors  on 
such  coasts,  towns  and  cities,  like  Galveston,  are  built  on  the 
sand  bars.  The  destruction  at  Galveston  in  1900  (Fig.  429) 
proves  that  cities  in  such  situations  are  in  danger  of  inundation. 

The  sand  that  is  drifted  about  in  the  building  of  sand  bars 
often  makes  dangerous  shoals.  The  shifting  sands  south  of  Cape 
Cod,  and  those  near  Sandy  Hook,  are  obsta^iles  to  safe  naviga- 
tion; and,  on  the  shoals  at  the  end  of  Cape  Hatteras,  many 
ships  have  been  wrecked. 

Sunnuiry.  —  WJiere  the  reaves  break  on  shallow  sea  bottoms  the 
sand  is  pushed  vp  into  Tidges,  or  offsliore  bars,  which  are  raised  stilt 
higher  by  the  wind.  Suck  bars,  inclosing  lagoons,  are  found  along 
much  of  the  coast  from  New  Jersey  to  tlie  Bio  Grande. 

152.  Sand  Danes  of  the  Seacoast.  —  On  beaches,  as  in  des- 
erts (p.  88),  there  is  dry  sand,  which  the  wind  drifts  about, 
often  piling  it  up  in  low  hills  and  ridges,  or  sand  dunes,  along 
the  upper  edge  of  the  beach  (Fig,  365).  Sand  dunes  are  ex- 
ceedingly irregular  (Fig.  377),  and  their  form  is  ever  chang- 
ing. Between  the  dune  hills  are  basins,  in  which,  however, 
there  is  rarely  any  water,  because  the  bottom  is  so  porous. 

The  movement  of  sand  inland,  doing  much  damage,  is  some- 
times made  possible  by  the  removal  of  a  forest,  which  ^et 
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fall  sweep  to  the  wind.  The  removal  of  a  forest  back  of  Coffin's 
Beach  on  Cape  Ann,  Mass.,  over  a  century  ago,  permitted  the 
sand  to  move  inland  and  destroy  a  farm.  Dunes  in  France  have 
moved  inland  two  or.  three  miles,  destroying  farms  and  villages 
to  such  au  extent  that  the  French  government  has  taken  up  the 
problem  of  how  to  atop  their  further  advance.  This  is  being 
done  by  planting  trees  behind  the  dunes,  and  setting  out  such 
plants  as  will  grow  in  the  sterile,  sandy  soil. 

A  sandnJune  region  is  difScult  to  cross  on  account  of  the  loose 
sand,  and  of  little  use  to  man  because  the  soil  is  so  sterile.  But 
in  the  Netherlands  the  sand  dunes  protect  the  low  plains  from 
submergence.  The  waves  are  consuming  this  coast,  having  cut 
it  back  two  miles  in  historic  times.  As  the  waves  consume  the 
beach  the  row  of  dunes  behind  the  beach  is  slowly  pushed 
inland. 

Sommary.  —  Along  many  coasts  irregular  sand  kills,  or  danes, 
are  built  up  by  the  wind,  and  their  advance  inland  has  in  some  cases 
caused  the  destruction  of  muck  property.  In  the  Netherlands  the 
sand  dunes  aa  as  a  barrier,  protecting  the  low  plains  from  ike  waves. 

153.  Salt  Harshes.  —  Sediment  deposited  in  estuaries,  in 
lagoons  behind  sand  bars  (Fig.  372),  and  in  other  protected 
arms  of  the  sea,  is  slowlj'  filling  them.  Salt-water  plants  that 
flourish  in  these  places,  such  as  the  eel  grass  and  salt-mftrsh 
grasses,  aid  in  the  filling.  Their  aid  consists  partly  in  add- 
ing their  own  remains,  partly  in  checking  the  currents,  thus 
causing  them  to  drop  some  of  the  sediment  they  carry. 

In  time,  the  deposit  of  sediment  and  plant  remains  reaches 
to  the  level  of  high  tide,  forming  a  salt-marsh  plain  through 
which  extend  channels  that  the  tide  occupies  (Kigs.  372,  878). 
When,  by  wash  from  the  land,  the  plain  is  built  higher  than 
the  highest  spring  tides  reach,  dry-land  plants  take  the  place 
of  the  salt-marsh  plants.  By  this  process,  nature  is  engaged 
in  reclaiming  much  land  from  the  sea. 

Salt  marshes  are  of  little  value,  though  a  coarse  grass,  used  as 
bedding  for  horses,  is  cut  from  them.    Where  dikes  have  been 
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Fio.  37T.  —  Sand  dUDei  on  Ibe  nITshore  bat  of  the  Kew  Jerae;  coiut.  Thedi 
hill  In  the  toreKTDdnd  is  prolecled  friim  removal  by  a  clostei  of  bus 
(baybetiies)  which  have  taken  root  there. 


Flo.  378.  — A  salt  rattitb  piftin  in  an  estiiary  at  Cape  Ann,  Haw.    View  taken 
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built  to  exclude  the  sea,  aud  the  land  drained,  salt  marshes  make 
excellent  farm  land.  Much  of  the  fertile  lowland  of  England,  a 
large  part  of  the  Netherlands,  and  the  beautiful  Evangeline  coun- 
try of  Nova  Scotia  are  diked  inarah  land.  In  the  United  States 
little  has  been  done  to  reclaim  salt  marsh,  because  we  have  had 
enough  land  without  it.  But  the  time  cannot  be  far  distant  when 
the  extensive  salt  marshes  near  New  York  and  Boston  will  repay 
diking.  Boston  ia  partly  built  on  salt  marsh  that  has  been  changed 
to  dry  land  by  filling  with  earth  removed  from  neighboring  hills. 

SanmuTy. — In  protected  bays  and  lagoons,  sediment  and  the 
remaiiia  of  salt-water  plants  build  up  gait-marsh  plains.  In  places 
these  haw  been  redaimed  by  dikes  or  byJUUng. 

154.  Hangrove  Swampa.  —  Mangrove  trees  grow  in  protected 
spots  on  the  coasts  of  warm  countries,  such  as  the  Philippines, 
Bermuda  Islands,  and  southern  Florida.  The  mangrove  tree  (Fig. 
379)  is  firmly  anchored  by  roots  that  descend  from  the  branches, 
forming  an  almost  impenetrable  jungle,  or  mangrove  swamp, 

Sammory. — In  tcarm  countries  the  suit  marsh  is  replaced  by  the 
aimost  impenetraile  jungle  of  the  mangrove  swamp. 

155.  Coral  Reefs.  —  On  some  warm  coasts  animal  life  is  so 
abundant  that  the  shore  is  made  entirely  of  animal  remains. 
Of   these  animals,  corals  are   the   most  important.      Reef- 

'  building  corala  thrive  only  in  depths  less  than  150  feet,  where 
there  is  little  sediment,  little  fresh  water  from  the  land, 
currents  bringing  abundant  food,  and  a  temperature  never 
below  70°. 

Coral  is  made  by  lowly  animals,  of  which  there  are  many 
species,  varying  in  size  from  almost  microscopic  to  individuals 
several  inches  in  diameter.  Some  species  live  singly,  but  most 
unite  in  colonies,  together  forming  a  Hmy  framework  (as  animals 
form  their  bones),  which  we  call  coral.  Some  corals  are  massive, 
bowlder-like  domes,  others,  delicately  branching,  treelike  forms. 
The  individuals,  or  polyps,  which  form  the  coral,  dwell  in 
little  cavities  that  dot  its  surface.     The  coral  mass  is  alive  on 
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the  outside,  dead  on  the  inside,  and  the  polyps  build  their  coral 
homes  on  foundations  laid  by  former  generations. 

The  polyps  can  either  vitlidraw  into  the  cavities  or  extend 
their  branching  arms  into  the  water  in  search  of  food.  To  one 
looking  down  upon  a  coral  reef,  through  a  box  with  a  glass  bottom, 
the  sea  floor  seems  like  a  garden,  'with  flowers  of  all  colors  and 
many  forms ;  and  among  the  corals  are  myriads  of  other  animals, 
some  fixed  in  place,  some  moving  freely  about.  The  abundance 
and  variety  of  life  in  such  a  place  is  marvelous. 

Coral  growth  is  most  rapid  on  the  outer  Bide  of  a  i-eef, 
where  food  is  most  abundant.  This  causes  reefs  to  grow 
seaward,  and  tlieir  outward  growth  is  increased  by  the  action 
of  the  waves,  which  break  off  coral  fragments  and  drag  them 
out  to  sea,  A  reef  may  start  close  to  shore,  as  a  fringing 
reef,  and  advance  ao  far  that  it  becomes  a  barrier  reef. 
Another  way  in  which  a  fringing  reef  may  be  changed  to  a 
barrier  reef  is  by  a  slow  sinking  of  the  land.  If  the  coral 
grows  upward  as  fast  as  the  land  sinlts,  it  will  form  a  reef 
farther  and  farther  from  the  sinking  land. 

There  are  coral  reefs  on  many  coasts,  the  longest  in  the 
world  being  the  Great  Barrier  Reef  (Fig.  380),  which  for 
over  1000  miles  skirts  the  northeastern  coast  of  Australia  at 
a  distance  of  20  to  50  miles.  Behind  it  is  a  navigable  li^oon 
of  quiet,  protected  water,  in  which,  however,  a  good  pilot 
is  necessary,  because  of  the  many  coral  shnals. 

Uplift  of  the  coast  adds  coral  reefs  to  the  land,  in  the  form  of 
terraces,  like  those  in  Cuba  and  other  islands.  Even  in  the  inte- 
rior of  continenta,  fossil  reefs  are  found  in  some  of  the  limestone 
strata  that  were  deposited  in  ancient  oceans. 

Waves  and  winds  often  heap  the  coral  fragments  above  sea 
level,  forming  land,  as  in  the  Bermuda  Islands.  The  Bermudas, 
whose  base  beneath  the  sea  is  a  volcanic  cone,  are  surrounded  by 
a  fringe  of  coral  reefs.  Fragments,  broken  from  the  reefs  by  the 
waves,  are  ground  on  the  beaches  to  coral  and  shell  sand,  then 
drifted  inland  by  the  winds,  forming  sand  dunes.     These  ate 
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quickly  cemeoted  into  a  soft  rock  bj  the  deposit  of  carbonate  of 
lime  around  the  grains.  The  Bahamas,  and  many  other  coral 
islands,  are  made  in  the  same  manner.  The  soil  of  such  dunes  ia 
far  better  than  the  soil  of  ordinary  sand  dunes. 

Snmmary.— 7n  warm,  dear  water,  where  there  ia  an  abundance 
of  food  for  fixed  animcUs,  carols  thrive,  building  limy  skeletons,  oat 
of  Kkich  reefs  are  made.  Fringing  reefs  are  made  ahng  the  coast, 
and  these  may  dtange  to  barrier  reefs  either  by  outward  growth  or  hy 
sinking  of  the  land.  The  wind  often  fonns  dunes  of  the  corai  rnnd 
drifted  from  the  beaches,  thus  making  land  in  the  sea. 

156.  Atolls-  —  King-sliaped  isliinds  in  the  open  ocean,  made 
of  coral  fragmeDts,  are  called  atolls  (Fig.  882).  A  channel 
into  the  interior  lagoon  is  kept  open  by  the  incoming  and 
outgoing  tides.  Atolls  are  especially  common  in  the  South 
Pacific,  and  are  in  some  cases  several  miles  in  diameter, 
though  rarely  rising  more  than  12  to  15  feet  above  sea  level. 
They  are  so  low  that  during  hurricanes  they  are  sometimes 
inundated  by  the  sea.  Like  the  Bermudas,  the  part  above 
water  is  made  of  coral  and  shell  fragments  that  the  waves  have 
thrown  on  the  beach  and  the  wind  drifted  into  low  hills. 

Few  animals  have  reached  these  remote  islands ;  but  there 
are  numerous  plants,  including  the  cocoanut  palm.  Many 
atolls  are  inhabited  by  man. 

Atolls  are  built  on  the  peaks  of  extinct  volcanoes  that  rise 
from  the  sea  bottom.  Sometimes  they  seem  to  have  been  built 
on  submerged  peaks,  the  ring  shape  being  due  to  the  faster  growth 
on  the  outside  of  the  reef,  while  within  the  lagoon  much  of  the 
lime  of  the  coral  is  removed  by  solution.  In  other  cases  the 
atolls  appear  to  be  due  to  a  slow  subsidence  of  volcanic  cones 
(Fig.  385).  According  to  this  explanation  there  was  first  a  vol- 
canic island  surrounded  by  a  fringing  reef  (Fig.  381);  by  slow 
sinking  this  changed  to  a  barrier  reef;  finally,  when  the  cone  had 
entirely  disappeared,  there  was  a  ring-shaped  atoll  where  the 
cone  formerly  rose.  The  sinking  of  the  cone  could  have  been 
no  faster  than  the  upward  growth  of  the  reef. 
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Smmnary. — Low,  rtng-skaped  coral  isiajids  in  tlie  open  ocean  an 
called  atolls.  They  are  built  on  volcanic  amea.  In  some  cases  at 
least,  they  are  caused  by  a  subsidence  of  the  cone  at  about  the  tame 
rate  as  the  upward  growth  of  a  fringifu/  reef. 

157.  Lake  Shores.  —  Most  that  has  been  said  about  sea- 
coasts  applies  quite  fully  to  lakes;  and  illustrations  of  most 
shore-line  phenomena  are  found  along  lake  shores.  There  are 
headlands,  wave-cut  cliffs,  beaches,  bars,  sand  dunes,  islands, 
promontories,  and  harbors.  There  are  also  elevated  and 
drowned  coasts.  In  fact,  from  the  form  alone  it  is  quite 
impossible  to  distinguish  lake  from  ocean  shores.  Figures 
358  and  370  are  from  lake  shores. 

It  b  true  that  tides  are  absent  in  all  but  the  largest  lakes, 
and  even  there  are  almost  unnoticeable ;  and,  because  the 
waves  are  less  violent,  the  cliffs  are  usually  smaller,  resem- 
bling those  of  bays  rather  than  the  open  ocean ;  but  in  great 
lakes  there  are  some  high  clJfFs. 

The  effects  of  life  are,  however,  quite  unlike  in  the  two  cases. 
Although  swamps  are  formed  in  the  lagoons  and  bays  of  lakes, 
the  plants  are  very  different  from  those  of  the  salt  marsh;  and 
the  absence  of  tide  makes  the  difference  between  lake  and  sea- 
shore swamps  even  more  marked.  In  lakes  there  are  no  corals, 
and,  consequently,  no  coral  reefs. 

Snmmuy.  —  Lake  and  aea-coasta  are  so  alike  that,  from  the  form 

alone,  they  could  not  be  distinguished.     The  chief  differences  are  the 
smaller  cliffs,  the  absence  of  tides,  and  the  effects  of  life, 

158.  Attandoned  Shore  Lines.  —  In  many  places  where  lakes  have 
disappeared,  cliffs  and  beaches  are  now  found  on  the  land.  For 
example,  very  perfect  beaches,  bars,  spits,  and  cliffs  are  found 
near  Great  Salt  Lake,  marking  the  shore  line  of  ancient  Lake 
Bonneville  (Fig.  301).  Similar  shore  lines  mark  the  level  reached 
by  the  glacial  lakes  in  the  valleys  of  the  Red  River  of  the  North 
(Fig,  130)  and  the  Great  Lakes  (p.  150).  Such  beaches  are  seen  at 
or  near  Buluth,  Chicago,  Cleveland,  Rochester,  Syracuse,  and 
many  other  points.     They  are  so  much  like  ocean  shore  lines. 
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Wta.  388.  — The  drowned  coast  of  a  part  of  southern  New  Gnglttnd.  NoMoe  tbtt 
■niAll  bftri  partly  or  completely  shut  \a  by  ban.  (A  i«rt  ot  the  Unll«d 
StatM  OcologloU  Surrey,  New  Loadoa,  Codb.,  Sheet.) 
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that  foi  a  while  they  were  supposed  to  have  been  caused  by  a 
sinking  of  the  land,  admitting  the  sea  into  these  valleys. 

Elevated  sea,  beaches  are  found  from  southern  New  England  to 
Baffin  Land.  Kear  Boston  these  beaches  are  from  40  to  60  feet 
above  sea  level ;  in  Labrador  several  hundred  feet.  There 
are  also  elevated  beaches  in  I^orway,  Scotland,  and  other  parts 
of  northwestern  Europe.  Here  the  country  back  of  the  elevated 
shore  lines  is  irregular,  rocky,  and  not  well  suited  to  fanning;  but 
between  the  elevated  beaches  and  the  present  shore  is  a  narrow 
plain  which  is  good  farm  land  and  well  settled.  It  is  an  elevated 
sea  bottom,  from  which  the  waves  have  partly  removed  the  islands 
and  promontories,  and  over  which  sediment  has  been  strewn 
(Fig.  386).  Proof  of  former  wave  work  at  these  higher  levels 
is  furnished  by  elevated  beaches,  marine  fossils,  islands  partly 
cut  away,  and  cliSs  (Fig.  384)  with  sea  caves  and  chasms. 

Sonmiary.  —  Shore  lines,  domly  resembling  marine  shore  lines, 
mark  the  sites  of  extinct  lakes;  and  elevated  sea  beaches  are  found 
in  northeastern,  America  and  northwestern  Eur(q>e, 

169.  Life  Hirtory  of  a  Coast  Line.  —  Elevations  and  depres- 
siona  of  the  land  are  so  frequent  that,  before  the  waves  have 
carried  their  work  very  far,  some  change  in  level  brings  new 
r^^ons  within  their  reach.  If  a  coast  were  allowed  to  pase 
through  its  life  history  uninterrupted,  the  changes  would  de- 
pend on  the  nature  of  the  rock,  the  form  of  the  coast,  and 
the  force  and  direction  of  waves  and  currents. 

We  will  start  with  a  rocky,  irregular,  exposed  coast,  like 
that  of  New  England,  —  a  typical  young  coast  line  (Fig.  386). 
Slowly  the  headlands  are  cut  back  (Figs.  362,  383),  some  of 
the  materials  being  moved  offshore,  some  driven  along  the 
coast.  Of  the  materials  driven  alongshore,  bars  are  made, 
tying  islands  to  the  mainland  (Fig.  369)  and  closing  the  bays 
(Fig.  S70,  373).  Sediment  slowly  fills  the  bayl  transform- 
ing them  to  salt  marshes  (Fig.  378),  then  to  dry-land  plains. 
This  straightened  coast  is  a  mature  coast  line.  As  tlie  waves 
continue  to  cut  back  the  headlands,  the  beaches  and  bars  are 
also  pushed  back,  and  thus  the  entire  coast  line  retreats. 
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If  the  rock  is  weak,  leas  time  is  required  for  this  life  historyi 
and  if  at  the  beginning  the  coast  is  not  very  irregular,  less  time 
is  required  to  straighten  it.  On  coasts  of  loose  sand  and  clay, 
with  gentlj  sloping  bottom,  cliffs  are  first  cut,  then  offshore  bars 
are  thrown  up  (Figs.  371,  3T2,  387j.  Aa  in  the  case  of  other 
straightened  coasts,  the  waves  then  gradually  push  the  barrier 
beaches  back  toward  the  land.  Coral  coasts  have  a  different  life 
history,  for  they  depend  on  the  growth  of  animals. 

Summary.  —  Young  coasts  are  irregular;  aa  they  advance  toward 
■maturity  headlands  are  cut  back,  hay  mouths  are  dosed,  and  irregu- 
larities areJUled  ;  then  both  headlands  and  beacltea  are  alowlymoved 
backward  as  the  land  is  consvmed.  Tliis  life  history  requires  a  longer 
time  in  hard  than  in  sojl  rock.  On.  gently  sloping  coasts  of  soft  rock, 
one  of  the  earliest  stages  is  the  building  of  offshore  bars, 

160.  Islands  and  Promontories.  —  Perhaps  the  greatest 
number  of  islands  and  promontories  are  due  to  sinking  of  the 
land  (Fige.  349,  352-354,  388,  389),  as  illustrated  by  those 
of  northeastern  and  northwestern  America,  northwestern 
Europe,  southern  South  America,  and  the  Grecian  coast. 

Other  islands  and  promontories  are  built  by  mountain 
growth  (pp.  98,  207),  Alaska,  Lower  California,  the  West 
Indies,  the  Ifu^e  peninsulas  and  islands  of  the  Mediter- 
ranean, Madagascar,  New  Zealand,  the  East  Indies,  the  Malay 
Peninsula,  the  Philippines,  the  Japanese  islands,  Korea,  and 
many  chains  of  oceanic  islands  are  of  this  origin.  Many 
islands  in  the  open  ocean  are  volcanoes  (pp.  124, 175) ;  for  ex- 
ample, the  Azores,  Canaries,  Madeiras,  and  Hawaiian  Islands. 

Atolls  and  many  coral  reefs  are  islands  built  by  animal  life, 
aided  by  waves  and  wind  (p.  218).  These  are  illustrated  by  the 
Bahamas,  Bermudas,  and  the  islands  off  southern  Florida,  includ- 
ing Key  West  Some  coral  reefs  are  attached  to  the  land,  forming 
promontories.  The  formation  of  barrier  beaches  (p.  214)  is  another 
cause  for  islands  and  promontories  (Figs.  368,  375),  as  illustrated 
along  the  coast  of  the  United  Statea.  Deltas  are  often  prom- 
ontories; and  along  their  shores  are  many  small  islands  and 
promontories  that  the  waves  have  thrown  up  (Fig.  105). 
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Another  cause  ot  islands  and  promontories  is  the  more  rapid 
work  of  the  waves  in  removing  weak  strata  (p.  211).  Small  islands 
thus  cut  from  the  mainland  are  called  stacks  (Figs.  366,  383). 

The  deposit  of  bars  of  sand  or  pebbles  in  the  protected  water 
behind  islands  often 
ties  thein  to  the 
land,  changing  them 
to  promontories 
(Fig.  369).  The  rock 
of  Gibraltar  is  thus 
tied  to  the  mainland 
of  Spain  (Fig.  390), 
and  a  part  of  the  bar 
is  neutral  ground  be- 
tween English  and 
Spanish  territory. 
Sometimes  an  island  is  tied  by  two  bars,  one  from  each  end, 
inclosing  a  lagoon  between  them. 

Promontories  and  islands  form  irregularities  of  the  coast 
line,  and  are  usually  the  houndaries  of  bays,  or  otiier  inden- 
tations. Therefore,  the  causes  for  islands  and  promontories 
also  explain  most  of  these  indentations. 

Sniiuiiary.  —  Tlie  majority  of  inlands  and  promontories  are  caused 
by  sinking  of  the  land.  Other  causes  are  rtioiintain  growth,  volcanic 
action,  coral  reef  building,  the  formation  of  barrier  beaches,  the 
growth  of  deltas,  and  the  irregular  cutting  by  toaves.  Sars  deposited 
behind  islands  often  citange  them  to  promontories.  These  causes 
also  aceoKtU  for  jnosi  of  the  bays  and  other  indentations. 

161.  Harbors.  — No  feature  of  the  seacoast  is  more  impor- 
tant than  the  harboi's,  or  small  indentations  of  the  coast,  deep 
enough  for  vessels  to  enter,  and  protected  enough  for  them 
to  remain  safe  from  wind  and  wave.  By  far  the  greater 
number  of  harbors  are  caused  by  sinking  of  the  land,  admit- 
ting the  water  into  the  valleys  (Figs.  350,  888,  389);  but 
there  are  many  other  causes  for  harbors. 
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•Somet  like  that  of  New  Orleans,  are  on  Itirge  rivers  where 
there  has  been  little  or  no  sinking ;  others,  like  that  of  Naples, 
occupy  bays  formed  by  mountain  uplift;  and  still  others,  like 
that  of  Calliio,  are  merely  part  of  a  straight  coast  where  an 
island  serves  to  cut  off  the  winds  and  waves.  What  is  the 
cause  for  Galveston  harbor  (p.  214)?  There  are  others  of 
similar  origin.  The  lagoon  of  an  atoll  (Fig,  382),  and  a 
volcanic  crater  breached  by  the  sen  (Fig,  234),  may  also  form 
harbors.  Among  other  causes  ia  the  work  of  man;  for  he  haa 
made  many  harbors,  either  by  dredging  shallow  tidal  rivers, 
as  at  Glasgow,  or  by  building  breakwaters  on  harborless 
coasts. 

For  a  harbor  to  be  useful  at  the  present  day,  and  to  become 
the  site  of  a  great  city,  it  must  be  deep  enough  to  admit  large 
vessels.  It  was  partly  because  of  the  shallowness  of  its  har- 
bor that  Salem  was  outstripped  by  its  neighbor  Boston  ;  but, 
of  late,  even  Boston  harbor  has  needed  deepening  and  im- 
provement to  admit  large  modern  ships. 

To  become  the  site  of  a  great  city,  a  harbor  should  also 
have  a  large  area  of  productive  country  tributary  to  it. 
Baltimore,  Philadelphia,  New  York,  and  Boston  harbors  are 
open  to  shipment  not  only  from  the  country  round  about, 
but  abo  from  the  great  interior ;  and  New  York  owes  its 
superiority  over  the  others  largely  to  the  fact  that  it  has 
connection  with  the  interior  by  water  as  well  as  by  rail.  On 
the  other  hand,  Ciustine,  Me.,  has  a  better  harbor  than  even 
New  York;  but  it  is  not  connected  with  an  extensive  pro- 
ductive country,  and  consequently  has  not  developed. 

Harbors,  like  many  other  coast  forms,  are  temporary  affairs. 
If  the  coast  remains  at  one  level,  and  man  does  not  interfere,  bars 
will  grow  across  harbor  mouths  and  they  will  be  slowly  filled  with 
sediment.  Both  of  these  processes  are  in  operation,  and  it  is 
necessary  to  expend  lartje  sums  of  money  to  remove  the  deposita. 
This  is  especially  true  on  sandy  coasts,  where  the  waves  and 
currents  find  much  loose  material  to  drift  about.     For  this  reason 
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the  entrance  to  New  York  harbor  ia  through  a  long,  tortuoua 
channel  dredged  out  amid  shoala  of  sand  drifted  from  the  aandy 
shores  of  Long  Island  and  New  Jeraey. 

Summary.  —  A  harbor  ia  an  indentation  of  the  coast,  deep  enough 
for  vesaeia  to  enter  and  yet  he  protected  from  winds  arid  waves. 
There  are  numerous  causes  for  harbors,  of  which  sinking  of  the 
land  ia  most  important;  man  also  makes  harbors  by  dredging 
or  by  building  breakwaters.  To  be  the  site  of  a  great  city,  a  harbor 
must  be  deep  enough  for  large  vessels  and  have  an  extensive  area  of 
productive  country  tributary  to  it.  Waves  and  currents  ore  tending 
to  seal  up  andJUl  harbors. 

Topical  Outline,  Qurstions,  and  Sugoestiohb. 
Topical  Outlink.  — 142.   Importance  o*  Shore  Lines.  —  Centers  of 
industry;  shipping;  charts;  Coast  Surrey;  liarbor  i  iti  pro  vein  enta ;  dan- 
gers of  approach;  lighthouaes;   light-ships;    fog-horns;   pilots;   buoys; 
life-saving  stations;    summer  resorts. 

143.  The  Seaeoaat  is  ever  changing.— Wave  work,— instances;  deposit, 
—  instance ;  effect  of  elevation  ;  of  depression ;  the  ever  changing  coast. 

144.  Blevated  Sea-bottom  Coasts.  —  Nature  of  coast;  illustrations; 
unheal  thfulnesti ;  agriculture;  harbors;  sinking  of  coast;  sand  ban. 

145.  Straight  Hountainous  Coasts.  —  Effect  of  uplift;  western  America, 
— straight  coast,  mountains,  narrow  plain,  sen-liotlom  slopes;  recent 
nplift;  settlement,  —  few  harbors,  limited  resources,  niouiitaiu  barrier. 

146.  Irregular  MoDntainooB  Coasts.  —  Cause  of  islands;  of  peninsulas; 
sinking  of  crust  betwpen  range.s;  Mediterranean,  —  cause,  entrance, 
irregular  coast;  other  large  sea.'s;  small  irregidarittes ;  sinking  of  coast; 
settlement;  commnnication  l)y  land  ;  navigation ;  western  Italy. 

147.  Coasts  of  Drowned  Lands.  —  (n)  Resulting  inegularity :  bays  and 
harbors;  instances ;  drowned  rivers ;  shoals  and  liauks;  islands;  penin- 
sulas, (/i)  Fiord  coasts :  origin  of  fiords ;  instances ;  settlement. 
(c)  Regions  of  soft  rock:  effect  on  coast  form;  settlement,  ((f)  Im- 
portance of  irregular  coasts :  harbors;  length  of  coast  line;  fishing  and 
navigation ;  interior  waterways ;  instances.  («)  Islands :  isolation ; 
Newfoundland;  Great  Britain. 

148.  Wave  and  Tide  Work.  — Movement  of  fr^fmenta  (a)  offshore, 
(ft)  alongshore;  result;  rea'ons  for  irregular  coasts ;  straightening  coast 

149.  Sea  Clifis.  — Zone  of  wave  work:  work  of  breakers;  steepness  of 
cliffs, — hard  rock,  soft  rock,  height;  chasms;  sea  cavea;  limit  to  wave 
work;  o&shore  platform ;  cutting  back  of  land;  dangers  to  navigation. 
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150.  BeacliH,  Hooks,  Bars,  «tc  — Disposition  of  frt^ments;  quick- 
sands;  pocket  beaches;  grinding  of  pebbles;  bats  across  bays;  bars  sup- 
plied from  sea  cliffs;  hooks;  spits;  cusps, 

151.  Offshore  Bars.  —  lu^tances;  l^oona;  gaps  iu  bat's  ;  closing  of 
gaps;  cause  of  offshore  bars ;  effect  of  wind;  destruction  of  bars;  occu- 
pants of  bars  ;  cities  on  bars  \  shoals. 

152.  Sand  Dunes  of  the  Seacoost.— Location;  form;  effect  of  removal 
of  forest;  instances;  encroachment;  uselessness;  Netherlands. 

153.  Salt  Haishes.  —  Location;  aid  of  plants;  channels  on  raarali; 
change  to  drj  land ;  value;  diked  land;  illustrations;   Unit«d  States. 

154.  Kangrore  Swamps.— Location;  jungle. 

155.  Coral  Keefs.  —  Favoring  conditions;  differences  among  corals ; 
polyps;  abundant  life  in  a  coral  reef;  growth  of  reef;  fringing  reef; 
barrier  reef;  two  causes  for  barrier  reefs;  Ureat  Barrier  Reef;  elevat«d 
reefs;  making  of  land ;  fiermudas. 

158.  Atolls.  —  Form;  lagoon;  size;  elevation;  cause  of  elevation; 
plants,  animals,  and  man;   two  explanations. 

157.  Lake  Shores.— itesemblance  to  ocean  shores;  phenomena  in 
common;   absence  of  tides;   smaller  cliffs;  effects  of  life. 

158.  Abandoned  Shore  Linea. —  T.ake  shores;  instances;  resemblance 
to  ocean  shore  lines;  elevated  sea  shores;  instances;  characteristics. 

159.  Lif«  HiBtor7  0f  a  Coast  Line.  —  Controlling  conditions;  young 
coast;  changes  in  young  coast;  mature  coast;  consuming  of  laud; 
effect  of  weak  rock;  offshore  bars. 

160.  Islands  and  PromontorieB.  —  Sinking  of  coast;  mountain  growth ; 
volcanoes;  coral  reefs;  barrier  beaches;  deltas;  instances  of  each;  wave 
work;  stacks;  tied  islands ;  causes  of  indentations. 

161.  Harbors.  —  (n)  Definition,  {h)  Causes:  sinking  of  land ;  rivers; 
mountain  uplift;  islands;  lagoons  behind  barrier  beaches;  atoll  lagoons; 
crater  harbors;  work  of  man.  (c)  Sites  of  great  cities;  depth;  tribu- 
tary country;  illustrations,     (rf)  Sealing  up  of  harbors  :  bars;  filling. 

QUKSTiosa — 142.  For  what  is  the  coast  most  important?  Wh&t 
does  the  government  do  to  fit  it  better  for  commerce?  To  warn  sailors 
of  danger?    To  protect  them?    Why  is  the  coast  a  summer  reaort? 

143.  In  what  different  ways  is  the  coast  changing? 

144.  What  conditions  are  unfavorable  to  the  development  of  elevated 
sea-bottom  coasts?     Why  are  the  harlwrs  so  poor? 

145.  What  are  the  rpHulta  of  the  rising  of  long  chains  of  mountains? 
What  is  the  condition  on  thfl  coast  of  western  South  America?  Why  are 
such  conditions  unfavorable  to  dense  population? 

148.  How  does  mountain  growth  cause  irregular  coasts?  What  are 
the  couditions  in  the  Mediterranean  ?    Cive  other  instances  of  irregular 
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coMta.     What  is  the  condition  in  Greece?     Why  are  SQCh  COMts  favor- 
able to  navigation?    Why  unfavorable  to  dense  settlement? 

147.  What  reaultB  are  produced  by  entrance  of  the  sea  into  valleys? 
Give  illustnitiona.  What  are  the  results  of  complete  or  partial  Bubmer- 
gence  of  hills?  How  do  the  nature  of  the  rock  and  the  raUey  form  iuflu- 
etice  the  coast  outline  ?  What  effect  has  this  on  Hettlement  T  Why  are 
moderately  low,  irregular  coasts  favovable  to  eettlenient?  Whet  effect 
has  sinking  of  the  land  on  island  people  ?    Give  illustrations. 

148.  What  work  are  the  waves  and  currents  doing  ?  What  ef.ect  does 
this  have  on  irregular  coasts  ?    Why  are  not  all  coasts  regular? 

149.  How  are  sea  cliffs  formed  V  Hon  do  clifFs  in  bard  and  soft  rocks 
differ?  What  effect  has  variation  in  strata?  What  are  the  results  of 
cutting  cliffs  back?     What  effect  has  this  on  navigatloD? 

150.  What  becomes  of  the  rock  fragments  drifted  aloi^  the  shore? 
How  do  the  materiab  vary?  What  forms  are  assumed  by  the  beaches 
and  bars  thus  built? 

161.  Describe  the  bars  along  the  Texas  coast.  How  are  they 
formed?    Of  what  importance  are  barrier  beaches? 

152.  What  are  the  characteristics  of  sand  dunes  7  What  damage  do 
sand  dunes  accomplish?    What  is  the  condition  in  the  Netherlands? 

153.  Where  are  salt  marshes  formed?  How?  What  is  the  result? 
Of  what  importance  are  salt  marshes? 

154.  What  are  mangrove  swamps?     Where  are  they  found? 

155.  Under  what  conditions  do  corals  thrive?  How  is  the  coral 
made?  JIow  do  the  polyps  live?  How  do  the  reefs  grow?  In  what 
two  ways  may  fringing  reefs  be  made?  Describe  the  Great  Barrier 
R«ef.     What  is  the  origin  of  the  Bermudas  and  Bahamas? 

156.  What  are  the  characteristics  of  atolls?  Where  are  they  found? 
How  are  they  cansed  ? 

157.  Compare  and  contrast  lahe  and  sea  shores. 

158.  Give  instances  of  abandoned  lake-shore  liaes.  Of  elevated  sett- 
shore  lines.    What  is  their  nature  ? 

150.  What  causes  are  there  for  variation  in  the  life  history  of  a  coast 
line?  State  the  life  history  of  a  hard  rock,  irregular  coast.  What  differ- 
ences are  there  where  the  rock  is  weak? 

160.  State  the  different  causes  for  islands  and  promontories.  Give 
instances  wherever  possible.  How  may  an  island  be  changed  to  a 
promontory  ?    What  are  the  causes  of  indentations? 

161.  What  is  the  cause  for  most  harbors  ?  State  other  causes  for  har- 
bors. What  two  factors  are  of  importance  in  determining  the  growth 
of  cities  about  harbors  ?  Give  two  instances.  Why  must  money  be  spent 
to  improve  harbors? 


228  NEW  PHYSICAL   GEOGRAPHT. 

Sdogebtions.  —  ( 1 )  Take  some  angular  fragments  of  a  soft  rock,  or 
brick,  and  shake  them  for  a  few  moments  in  a  fruit  jar  containing 
water.  What  causes  the  water  to  become  muddy?  Vind  out  bow 
marblea  are  rounded.  ('2)  In  a  shallow  pan,  mold  an  irregular  land  of 
clay.  Carefully  pour  iu  water  until  the  land  is  partly  drowned.  Study 
the  land  forms  produced.  Blow  on  tlie  water  surface,  causing  the  WAves 
to  reach  the  coast  diagonally.  Are  any  bars  formed?  Any  other  coast- 
line features  ?  Study  and  describe  them.  Now  draw  oft  some  of  the 
water  to  leave  the  shore  line  elevated.  De.icribe  the  new  coast  line. 
How  does  it  diSer  from  the  former?  Cause  waves  to  attack  it,  and  describe 
the  result.  By  using  care,  and  by  making  the  land  of  materials  varying 
in  hardness,  much  concerning  shore-line  phenomena  may  be  simply  and 
easily  illustrated.  (3)  If  the  school  is  near  the  seashore  or  the  shore  of  a 
lake,  at  least  one  excursion  should  be  made  to  study  shore  phenomena. 
Are  there  beaches?  Where  does  the  mateiial  come  from?  Are  there  cliffs? 
What  is  happening  there?  Have  any  portions  been  recently  removed 
by  the  waves?  Do  the  bowlders  or  pebbles  show  signs  of  rounding? 
What  ia  the  cause?  Where  does  the  finer  ground-up  material  go?  Are 
there  any  mud  flats?  What  is  the  source  of  the  material?  Ask  some 
fisherman  what  material  covers  the  bottom  ofishore.  Are  there  salt 
marshes?  What  are  their  charaeteriatica  V  Are  tidal  currents  perform- 
ing any  work?  (4)  If  the  school  ia  on  a  sea  or  lake  port,  the  harbor 
should  be  studied ;  its  form ;  depth  (fnaking  use  of  a  Coast  Survey  map)  ; 
cause;  nature  of  bottom;  improvements  made;  others  needed;  light- 
houses ;  other  guides  and  aids  to  entrance ;  source  of  principal  materials 
received  for  shipment;  of  principal  imports;  places  to  which  these  are 
distributed ;  reasons  for  importance  of  port.  If  not  on  a  harbor,  the 
nearest  large  port  should  be  studied  in  a  similar  way  by  means  of  the 
Coast  Survey  or  Lake  Survey  charts  (see  Appendii  J). 

Reference  Books. —Sraler,  Sea  and  Land,  Scriliner's  Sons,  New 
York,  1891,  $2.50 ;  Tarr,  Chapter  X,  Phifdeal  Geography  of  Nea  York 
Slate,  Macmillan  Co.,  New  York,  1902,  $3.50 ;  Shai.rr,  Beackei  and  Tidnl 
Marshes  of  the  Allanlic  Coast,  Nalionnl  Geographic  Monographs,  American 
Book  Co.,  New  York.  1895,  $2.50;  Gilbert,  Features  of  Lake  Shores, 
5th  Annual  U.  S.  Geological  Survey,  p.  75;  Shaler,  Salt  Manhes,  6th 
Annual  U.  S.  Geological  Survey,  p.  350;  Shalrr,  Harbors,  13th  Annual 
U.  S.  Geological  Survey,  p.  99;  Darwim,  Slrueture  and  Dislribmioa  of 
Coral  Reefs,  Appleton  &  Co.,  New  York,  1889,  $-2.00;  Dana,  Corals  and 
Coral  Island*,  Dodd,  Mead  &  Co.,  New  York,  1695,  $5  00. 


CHAPTER  XIT. 


162.  Composltioii  of  the  Air.  —  (A)  Oxygen,  Nitrogen,  and 
Carbon  JHoxide.  —  Until  recently  air  was  believed  to  be  a 
mixture  of  two  gases,  oxygen  (about  21  per  cent)  and  nitro- 
gen (about  79  per  cent).^  Oxygen  is  of  vital  importance  to 
animals,  for  all  breathe  it;  but  nitrogen,  though  used  by 
some  plants,  is  of  far  less  importance.  It,  however,  increases 
the  bulk  of  the  air  and  dilutes  the  oxygen.  Man  probably 
could  not  live  in  an  atmosphere  of  pure  oxygen,  for  it  would 
cause  too  rapid  changes  in  the  tissues  of  the  body. 

About  0.04  per  cent  of  the  air  is  carbon  dioxide  (often 
called  carbonic  acid  gas),  which,  in  spite  of  its  small  quan- 
tity, is  very  important.  It  is  composed  of  one  part  of  carbon 
and  two  of  oxygen,  and  plants  have  the  power  of  separating 
them,  building  the  carbon  into  their  tissues. 

In  the  bodies  of  animals,  on  the  other  hand,  oxygen  unites 
with  carbon  by  a  process  of  slow  combustion,  and  with  each 
breath  carbon  dioxide  is  returned  to  the  air.  Fire  is  a  more 
rapid  form  of  combustion,  oxygen  combining  with  the  car- 
bon of  the  wood,  coal,  oil,  etc.,  and  forming  carbon  dioxide. 
All  forms  of  combustion,  whether  rapid  or  slow,  produce 
heat.  In  such  rapid  combustion  as  ^re,  sufficient  heat  is 
produced  to  do  much  work,  —  for  example,  the  formation 
of  steam,  whose  energy  may  be  used  to  run  locomotives  or 

'  In  1805  a  new  element,  argon,  wsb  discovered  ia  the  atmosphere,  and 
since  then  seTcral  other  inert  elements  have  been  found  In  it.  Thejr  re- 
semble niiro^n  ao  cloaelj  that,  although  thej  are  taken  ntth  ever;  breath, 
they  were  never  before  detected. 
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machinery.     By  slow  combustion  the  necessary  heat  is  pro- 
duced to  form  the  energy  which  animals  need  for  life. 

Summaiy.  —  The  atmosphere  is  a  mixture  of  gases.  Argon  and 
nitrogen  are  quite  inert;  carbon  dioxide,  which  exists  in  very  small 
quantities,  is  of  vital  importance  to  plants;  oxygen  is  breathed  by 
ait  animals,  in  which  it  produces  slow  combustion,  giving  the  neces- 
sary heat  for  life.     It  also  causes  rapid  combustion  in  fire. 

(B)  Water  Vapor. — Vapor  rises  from  all  damp  surfaces 
and  water  bodies;  that  is,  liquid  water  is  evaporating  or 
changing  to  an  invisible  gas.  This  is  the  reason  why  wet 
clothes  become  dry  when  hung  on  a  line,  and  sidewalks, 
after  a  rain.  The  amount  of  vapor  water  varies  from  place 
to  place,  some  regions  having  very  dry  air,  others  damp  or 
humid  air.  Even  in  the  same  place  the  amount  of  vapor 
differs  from  time  to  time,  some  days  being  humid,  others 
dry.  When  the  air  is  dry,  evaporation  is  rapid  and  the  sky 
clear ;  but  when  there  is  much  vapor,  there  may  be  clouds 
and  rain.  The  condensation  of  this  water  vapor  gives  rise 
to  dew,  frost,  fog,  clouds,  rain,  snow,  and  hail. 

Summary.  —  Invisible  water  vapor,  which  rises  from  water  bodies 
and  damp  surfaces,  is  also  mixed  with  the  air,  in  varying  amouTUs. 

(C)  Dust  Particles.  —  Solid  particles  that  float  in  the  air  are 
called  dust.  Some  of  these  are  whirled  up  from  the  ground  by 
winds ;  some  are  bits  of  carbon  from  smoke,  or  pollen  of  plants,  or 
microbes.  Bust  particles  accumulate  around  cities,  causing  a 
dull,  hazy  atmosphere;  but  during  long  periods  of  drought,  or 
when  forest  fires  are  burning,  the  air  even  in  the  country  be- 
comes hazy  with  dust,  liain  washes  dust  from  the  air,  so  that  it 
is  usually  clearer  after  a  rain  storm.  Over  the  ocean,  and  on  high 
mountains,  the  air  is  quite  free  from  dust  particles. 

Dust  is  important  in  furnishing  solid  particles  around  which 
vapor  condenses  to  form  fog  and  rain.  The  microbes  are  drifted 
about  by  the  winds,  thus  helping  to  spread  disease. 

Summary.  —  Particles  of  dust,  smoke,  microbes,  and  other  solids 
often  cause  the  air  to  be  hazy,  esjieciaily  near  cities. 
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163.   Effect  of  Gravity. —Although  light  and   invisible, 
air  has  perceptible  weight.     Ooe  particle,  drawn  down  by 
gravity,  presses  on  those  below  it,  as  stones  in  a  pile  press 
on  those  beneath.     Since  the  air  extends  to  a  height  of  two 
hundred  miles  or  more,  this  great  column  has  a  weight  that 
can  be  measured.     At  sea  level,  its  average  weight  is  16 
pounds     to     every 
square  inch  of  sur- 
face.    This  is  equal 
to     a     column     of 
about    80    feet    of 
water,  or  30  inches 
of  mercury. 

Since     there     are 
many   square    inches     pio.391.-To  iUnsmt*  the  decrease  In  density  o( 
on    the   surface   of    a        tbe  atmosphere  Imra  sea  level  to  higher  fegioDS. 
human    body,    it    is 

evident  that  each  of  us  bears  a  great  weight  of  air;  but  as  the 
pressure  is  equal,  both  inside  and  out,  we  do  not  notice  it  (p.  181). 
If  this  pressure  were  suddenly  removed  from  the  outside,  the 
expansion  of  the  air  within  our  bodies  would  burst  many  of  the 
tissues. 

Pressure  pushes  the  molecules  of  gases  closer  together;  and, 
therefore,  the  air  is  denser  near  the  earth  than  higher  up  {Fig-  391). 
.  As  a  result  of  this,  fully  two  thirds  of  the  atmosphere  is  within 
six  miles  of  sea  level ;  and  the  air  is  about  half  as  deuse  at  tbe  top 
of  a  high  mouritain,  like  Mt.  St.  Elias,  as  at  its  base.  The  air  on 
mountain  tops  is  ao  thin,  or  rarefied,  that  it  is  difficult  to  breathe 
oxygen  enough  for  the  needs  of  the  body.  Some  men  and  animals 
have  become  accustomed  to  this  rarefied  air  and  are  able  to  live  in 
high  altitudes ;  but  a  traveler  from  lower  levels  finds  his  breath- 
ing greatly  quickened  by  the  effort  to  get  enough  oxygen,  and  not 
uncommonly  he  becomes  quite  exhausted. 

Air  is  so  extremely  elastic  that  eveu  slight  differences  in  tem- 
perature change  its  density  or  weight.  For  example,  the  air 
filling  a  room  10x20x20  feet  weighs  301  pounds  at^ 60°;  ^at 


282  SEW  PHTBICAL  OEOGRAPBT. 

vhen  the  temperature  ia  raised  to  80°,  the  air  is  so  expanded  that 
there  are  only  291  pounds  in  the  room. 

The  pull  of  gravity  is  greater  on  heavy  than  on  light  air,  and 
these  differences  in  weight  start  movements  of  the  air,  causing 
winds  (p.  256). 

Sununary.  —  Air  kaa  toeight,  ai  flea  lev^  about  ffleen  pounds  to 
the  square  inch.  It  is  compressed,  or  more  dense,  ai  the  bottom;  and 
li'jMer,  or  more  rarefied,  higher  up.  It  is  very  elaatic,  varying  in 
density  with  temperature,  aitd  being  eaaibj  set  in  motion. 

164.  Light'  —  A  form  of  energy,  commonly  called  light 
and  heat,  is  emitted  by  bodies  having  a  high  temperature  ; 
for  example,  burning  coal,  red-hot  iron,  and  the  white-hot 
Bun.  This  energy  travels  at  great  speed,  crossing  the 
93,000,000  miles  which  separates  earth  and  sun  in  about  8 
minutes. 

The  sunlight  which  comes  to  us  is  made  of  a  series  of  waves, 
diflfering  in  length  and  color,  whose  union  forma  white  light. 
If  a  beam  of  sunlight  is  allowed  to  pass  through  a  three- 
cornered  glass  prism  these  waves  are  turned,  each  at  a  slightly 
different  angle.  The  beam  enters  as  white  light,  but  comes 
out  with  the  color  waves  separated,  among  which  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red  may  be  Fecog- 
nized.  This  bending  of  light  rays  is  called  refraction  ;  the 
colors  are  called  the  colors  of  the  spectrum,  or  of  the  rainbow. 

Some  o£  the  rays  tliat  reach  a  body  pass  away  from  it,  or 
are  reflected.  This  is  especially  true  of  smooth  surfaces, 
like  water,  or  the  glass  of  a  mirror;  but  it  is  true  even  of  ir- 
regular surfaces,  like  the  ground.  It  is  reflected  sunlight 
that  makes  the  moon  and  planets  appear  light ;  and  the  earth 
would  have  the  same  appearance  if  seen  from  them. 

Refraction  and  reflection  cause  many  changes  in  light  as  it 
passes  through  the  atmosphere.    Mirage  is  caused  by  reflection 

'  A  thorougb  Btndy  ol  the  nature  aod  behavior  of  light  beloDgB  to  physics ; 
but  the  stuiient  of  physical  geography  shoDld  underslabd  the  main  reoaoDI 
[or  the  color  phenomeaa  of  the  atmosphere.  ^..  ^,  ^.^ 
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vhen  layers  of  air  have  different  temperatures  and,  conse- 
quently, different  denBities.  It  is  especially  perfect  in  deserts 
and  on  the  sea,  commonly  siiowing  objects  inverted  —  a  vessel 
with  the  masts  downward,  for  instance.  In  deserts  mirage  causes 
an  appearance  of  water  which  is  often  very  deceptive. 

Rainboaa  are  caused  by  refraction  of  light  in  its  passage  through 
raindrops,  and  reflection  of  the  spectrum  colors  thus  produced. 
The  ludos  around  sun  and  moon  are  due  to  similar  changes  in  the 
light  rays,  in  their  passage  through  the  ice  crystals  of  thin,  fleecy 
clouds  high  in  the  air. 

The  colors  of  leaves,  flowers,  and  other  objects  are  due  to  reflec- 
tion. When  light  reaches  some  objects,  for  example  white 
paper,  all  the  waves  are  reflected  and  the  paper  appears  white. 
Other  objects,  like  black  cloth,  reflect  very  little  light,  the  rays 
being  absorbed.  Still  other  objects  absorb  some  of  the  waves 
and  reflect  others,  thus  giving  color.  A  red  flower,  for  instance, 
reflects  an  excess  of  red  waves  ;  and  green  leaves,  green  waves. 

Diffraction,  or  selective  scattering,  is  an  important  cause  for  color 
effect  in  the  sky.  Dust  in  the  air  interferes  with  the  passage  of 
light  waves,  as  small  pebbles  in  shallow  water  interfere  with 
water  waves.  By  this  interference,  some  of  the  waves  that 
make  the  white  light  are  turned  aside,  or  scattered.  The  waves 
having  the  shortest  length,  or  those  on  the  violet  end  of  the 
spectrum,  are  most  easily  turned  aside  j  that  is,  they  are  selected 
for  scattering. 

The  blue  color  of  the  sky  is  due  to  the  selective  scattering 
of  the  short  blue  waves.  When  there  is  much  dust  in  the  air, 
the  longer  red  and  yellow  rays  are  scattered,  giving  red  and 
yellow  colors  to  the  sky.  These  colors  are  especially  common 
at  sunrise  and  sunset,  when  the  rays  pass  for  a  long  distance 
through  the  lower  dusi^filled  layers  of  the  air  (Fig.  392).  The 
varied  cloud  colors  of  sunrise  and  sunset  are  the  result  of  reflection 
of  colors  caused  by  refraction  and  diffraction. 

Sammciy.—  ^V7li[e  light  is  made  by  the  ttnion  of  a  number  of 
waves  of  different  lenyth,  which,  when  separated  by  refraction,  give 
the  cdoTK  of  the  spectrum.  These  colors  may  he  reflected,  as  in  col- 
ored objects,  rainbows,  AoZos,  and  douds  at  svnaet.     The  jcaiter^iig. 
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or  diffraction,  of  waves  by  the  interference  of  dvst  gives  the  blue 
color  to  the  eky  and  the  reda  and  yellows  of  sunrise  and  autiset. 

165.  Heat.  —  (A)  Radiant  Energy.  —  On  approaching  a 
hot  BtDve  oue  feels  its  warmth,  even  at  a  distance  of  several 
feet.  Waves  of  heat  from  the  stove  have  passed  that  distance 
through  the  air.  If  the  stove  is  very  hot,  the  cover  may  be 
red ;  then  the  waves  from  it  produce  not  only  heat,  but  the 
sensation  of  light  on  the  eye.  This  form  of  energy,  which 
we  call  heat  and  light,  is  known  as  radiant  energy,  and  the 
process  .of  emitting  it  is  called  radiation.  The  greatest  well- 
known  center  of  radiant  energy  is  the  sun ;  but  doubtless 
some  of  the  stars  are  still  larger  and  hotter,  though  so  far 
away  that  they  do  not  influence  us. 

Radiation  causes  a  loss  of  heat,  and  by  it  bodies  grow 
cooler ;  thus,  in  a  few  hours,  a  stove  with  the  fire  out  will 
radiate  all  its  heat  and  become  cold.  The  sun  is  also  losing 
heat,  radiating  it  outward  in  all  directions ;  but  millions  of 
years  will  be  required  for  so  large  and  hot  a  body  as  the 
sun  to  grow  cold.  A  very  small  proportion  of  the  heat  radi- 
ated from  the  sun  is  intercepted  by  the  earth  (Fig.  15), 
where  it  causes  many  important  effects. 

Smnnuiy-  —  Radiant  energy,  heat  and  light,  which  is  emitted 
from  hot  bodies,  is  being  rtviiated  in  aU  directioTts  from  the  sun, 
which  is,  tlierefore,  slowly  growing  cooler. 

(B)  Passage  of  Radiant  Energy.  —  Certain  substances,  like 
glass  and  the  gases  of  the  air,  allow  light  to  pass  bo  freely 
that  they  are  said  to  be  transparent.  They  also  allow  heat 
to  pass  freely,  or  are  diathermanous.  For  this  reason,  not- 
withstanding the  thickness  of  the  atmosphere,  the  sun's  rays 
at  midday  reach  the  earth's  surface  with  little  change. 

Dust  particles  interfere  with  the  passage  of  light  rays,  as 
we  have  seen ;  and,  in  much  the  same  way,  they  interfere  with 
the  passage  of  heat.  This  is  clearly  proved  by  the  differ- 
ence in  brightness  ami  warmth  of  the  sun  at  midday  and 
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late  in  the  afternoon  ;  for  we  may  often  actually  look  at  the 
setting  Bun.  At  that  time  many  of  the  rays  are  intercepted 
in  their  paseage  through  the  great  thieknesa  of  dust-laden 
air  near  the  surface  (Fig.  392). 

Siimm«ry.  —  Air  and  other  substances  tran^arent  to  ligM  allow 
heat  to  freely  pa^,  or  are  diathermanous.  The  interference  of  duat 
greatly  lessens  the  sun's  power  when  it  is  low  in  the  heavens. 

(C)  Radiation  from  the  Earth.  —  Bodies  that  are  warmer 
than  their  surroundings  emit  waves  of  radiant  energy. 
The  earth  itself  is  radiating  into  space  the  heat  that  comes 
to  it  from  the  sun ;  if  this  were  not  so,  it  would  grow 
warmer  and  warmer.  During  the  day  more  heat  comes 
than  can  be  radiated ;  but  at  night,  when  the  sun's  rays  are 
cut  off,  radiation  cools  the  ground.  In  summer,  when  the 
days  are  longer  than  the  nights,  the  ground  grows  steadily 
warmer ;  but  in  winter,  when  the  days  are  short  and  the 
sun  low  in  the  heavens,  radiation  is  so  far  in  excess  of  the 
supply  of  heat  that  the  ground  becomes  cold. 

Some  bodies  are  much  better  radiators  than  others.  Socks  and 
earth  radiate  heat  better  than  water,  and  hence  cool  more  quickly. 
This  is  one  reason  why,  in  winter,  the  land  becomes  colder  than 
the  water.  On  cold  nights  those  objects  that  radiate  their  heat 
most  quickly  have  most  frost.  Perhaps  you  can  observe  this 
difference  early  some  frosty  morning. 

Snmmary.  —  The  earth  is  always  radiating  heat,  and  this  is  why 
it  becomes  cool  or  cold  at  night  and  in  winter.  Some  objects,  like 
water,  are  poorer  radiators  than  others,  like  the  ground. 

(D)  Refieetion  and  Absorption.  —  Bodies  that  reflect  light 
also  reSect  heat.  Water,  for  example,  reflects  a  large  per- 
cent^e  of  the  raya  that  reach  its  surface,  and  this  is  why 
one  becomes  sun-burned  so  easily  on  water.  Quarries  and 
city  streets  are  warmer  than  the  open  country,  partly  be- 
cause the  sun's  rays  are  reflected  from  their  walls. 
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Some  bodies  reflect  little,  the  sua's  rays  being  used  muiily  Id 
warming  them.  Such  bodies  are  said  to  absorb  heat.  This  is 
especially  true  of  black  objects,  while  white  objects  reflect; 
therefore  white  clothing  is  cooler  than  black.  This  can  be  readily 
proved  in  winter  by  placing  two  pieces  of  cloth,  one  black,  the 
other  white,  on  a  baiik  of  snow  in  the  sunlight  The  black  cloth 
soon  sinks  into  the  snow  because  the  sun  warms  it^  while  the 
white  cloth  remains  at  the  surface. 

Summary.  —  Some  bodies,  such  as  water  and  white  objects,  reflect 
much  Jieat  ;  oUiera,  such  as  black  objects,  absorb  Iteat  and,  therefore, 
warm  more  rapidly. 

(E)  Conduction.  —  With  a  fire  inside  of  it  a  stove  becomes 
warm ;  and  an  iron  placed  on  the  stove  is  also  heated.  la 
this  case  heat  from  the  fire  is  transmitted,  or  conducted, 
through  the  stove.  In  the  same  way,  some  of  the  sun's  heat 
is  conducted  below  the  surface  of  the  water  or  ground,  and 
some  of  it  into  the  air  which  rests  on  these;  but  water,  air, 
and  ground  are  not  bo  good  conductors  as  iron.  The 
ground  is  so  poor  a  conductor  that,  at  a  depth  of  from  ten  to 
twenty  feet,  there  is  practically  no  dlfEereuoe  in  temperature 
from  summer  to  winter. 

Sommuy.  — Heal  is  transmitted,  or  conducted,  into  the  toaler  and 
ground,  and  frotn  these  into  the  air;  but  air,  water,  and  ground  are 
all  poor  condu^ors. 

(F"}  Convection.  — The  lower  layers  of  water  in  a  kettle  on 
a  stove  are  warmed  by  conduction.  Warm  water  is  lighter 
than  cooler  water,  and,  since  gravity  tends  to  draw  the  heavy 
water  to  the  bottom,  these  warm  lower  layers  cannot  stay 
there.  They  are,  therefore,  crowded  up  by  the  settling  of  the 
cooler  layers  from  above.  This  is  convection,  and,  if  the 
water  continues  to  warm,  boiling  finally  takes  place. 

Similar  convection  occurs  in  air  warmed  by  a  lamp.  As 
fast  as  it  is  warmed  near  the  lamp  it  grows  lighter  and 
is  [lUshed  up  by  heavier  surrounding  air.     The  movement 
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Stunmary.  —  The  lands  are  warmed  by  absorption  and  cooled  &$ 
reflection,  conditction,  and  radiation.  The  effect  of  sun's  heai  varies 
in  different  zones;  also  according  to  the  color  of  the  imrface,  the 
cover  of  vegetation,  and  the  exposure. 

(B)  The  Waters. — It  is  a  well-known  fact  that  water 
warnis  less  quickly  than  land.  There  are  several  reasons  for 
this.  (1)  Water  reflects  heat  more  readily  than  land,  and, 
consequently,  there  is  less  heat  to  warm  it.  (2)  When  one  part 
is  warmed  more  than  another,  it  is  set  in  motion,  so  that  there 
is  a  tendency  for  the  heat  to  be  distributed.  (3)  Water  is 
so  transparent  that,  unlike  ground,  some  of  the  rays  pass  into 
il,  warming  layers  below  the  surface.  Sunlight  penetrates, 
though  dimly,  to  depths  of  several  hundred  feet.  (4)  Twice 
as  much  heat  is  required  to  raise  tlie  temperature  of  a  pound 
of  water  one  degree  as  of  an  equal  quantity  of  rock.  Some 
of  the  heat  is  expended  in  evaporating  the  water,  and  this  is 
called  "  latent  heat,"  or  heat  of  vaporization. 

It  is  for  these  reasons  that  even  a  small  body  of  water 
warms  more  slowly  during  the  day,  and  during  summer,  than 
the  neighboring  land  (p.  165).  At  night-time  and  in  win- 
ter, on  the  other  hand,  because  it  is  a  very  poor  radiator, 
water  cools  more  slowly  than  land.  Therefore,  from  day  to 
night,  and  from  summer  to  winter,  there  is  slight  range  of 
temperature  in  large  water  bodies,  and  the  climate  over  them 
is  far  less  extreme  than  over  land.  A  climate  with  such 
slight  changes  of  temperature  is  called  equahle. 

Summary.  —  Water  icarms  more  slowly  than  land  because  it 
reflects  more  heat,  is  movable,  is  transparent,  and  some  of  its  heat  is 
expended  in  evaporation.  It  cools  more  slowly  because  it  is  a  poorer 
radiator.     Therefore  near  large  Kaier  bodies  tlie  climate  is  equable. 

(C)  The  Air. — The  air  is  not  perfectly  diathermanous. 
Therefore,  some  of  the  sun's  rays,  and  some  of  the  heat  rays 
radiated  from  the  earth,  are  intercepted  in  their  passage 
through  the   atmosphere.      Dust   is   especially  effective  in 
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interceptiDg  heat  waves  (p.  234).  A  still  more  important 
cause  for  the  wariQing  of  air  is  conduction  from  the  ground 
to  the  lower  layers,  which,  being  lighter,  are  then  forced  to 
rise  by  convection.  In  the  same  way  a  stove  warms  the  air 
in  a  room,  by  radiation,  conduction,  and  convection.  At 
night  and  in  winter  the  air  cools  by  radiation ;  and  contact 
with  the  ground  is  another  important  cause  for  cooling. 

Vapor  and  dust  interfere  with  radiation,  and  for  this  reason 
more  heat  ia  retained  in  the  lower  atmosphere  on  hasy  and 
muggy  days  than  la  dear,  dry  weather.  At  such  times  radiation 
fails  to  cool  the  ground,  and  a  hot,  muggy  day  may  be  followed 
by  an  oppressive,  almost  stifling  night.  It  is  under  such  condi- 
tions that  our  most  oppressive  summer  weather  comes. 

Somnuuy.  —  The  air  is  warmed  somewhat  by  the  passage  of  heat 
rayg  through  it,  but  far  more  by  conduction  from  the  ground,  and  by 
convection.  It  is  coded  by  radiation,  and  by  conduction  from  the 
ground.      Vapor  and  dust  interfere  with  radiation. 

167.  Causes  for  Differences  in  Temperature  on  the  Earth. — 
(A)  Position  of  Sun.  —  The 
sun  is  higher  in  the  heavens  at 
noon  than  in  early  morning 
and  late  afternoon;  in  sum- 
mer than  in  winter;  and  in 
tropical  than  in  temperate 
zones.  When  low  in  the 
heavensi  the  sun's  power  is 
less  than  when  high,  because 
(1)  the  rays  pass  through  a 
great  thickness  of  dust-laden 

air  when  the  sun  is  low  (Figs.     fiq.  392.  -To  show  that  the  iun's 

892,  894)  and  (2)  fewer  rays  rays  pass  throngh  more  air  when 

■^  .  ^  .'  ,  ■'  the Bun  U low iathflbeavens than 

then    reach  a  given    surface         when  it  i»  high. 
(Fig.  893). 

There  are  three  important  results  of  these  different  posi- 
tions of  the  sun.     (1)  Every  day,  as  the  angle  at  which  the 


240  NEW  PHYSICAL  OEOOBAPBY. 

^"™!JMj■"  STi'i.Sr-jj^.VTS.'II.  sun's   rays   pass 

lf"|"'iT]5rffl  ""^'i^- — r-^""^^!  through     the     air 

4--7—J"      ^V         /  ^\  ™"^«  (•*''&■  892), 

I  "'(  ^^"N^  *^^  amount  of  heat 

Ji!.'  "''  !!Ib  "'•-.      ■  ■        .  ^8^1  given  out  by  them 

Fio.  393.  — Two  buiKlles  of  rays  having  the  same  *         v 

wiith  lAB  And  EF):  biit,  owJnK  to  tbe  difference  the     SUD      changes 

In  angle  at  which  ti.ey  reach  the  surface  CH.  position,  from  hieh 

those  that  are  inclined  coyer  about  twice  a*  f      .,       ■  . 

much  ground  as  Iboso  that  come  Btralglit  down  m   the   HeaVenS    tO 

from  above.    Therefore,  on  the  same  area  there  lower,   the   Seasons 

are  alwut  half  as  many  Inciiined  rays  as  vertical.  c „     j 

01    summer    and. 

winter  occur  in  both  hemispheres.  (3)  Where  the  sun  is 
highest,  that  is  in  the  tropical  zone,  the  climate  is  hottest ; 
and  the  climate  grows  cooler  away  from  the  equator  as  the 
sun  gets  lower  in  the  heavens  (Fig.  394). 

Summary.  —  W?ien  the  sun  is  low  in  the  Iteavens  it  warms  less 
than  when  high,  because  (I)  Ike  rays  jxws  through  so  mtKh  air,  and  (2) 

feicer  rays  reach  a  given  

area.  Changes  in  the  sun's 
position  in  the  heavens  from 
morni^ig  to  Highl,  from  sea- 
son to  season,  and  from 
place  to  place,  therefore  cause 
differences  in  temperature. 

(B)^/(i(w(fc.  — Obser- 
vations on  mountains  and 
in  balloons  show  that,  as 
the    elevation     increases,      Fio.  391.  — To  show  thai  near  the  poles  the 

there    is   a   gradual   de-  """■'  "J"  '^^*'  "■"  °"'^  '"  »  ■"<■" 

°  slanting  nay,  anil  after  passing  through 

crease   in   temperature  at  mort  air.  than  at  the  equator. 

the  rate  of  about  1°  for 

every  300  feet.  There  is  no  warm  jjround  to  impart  heat  to 
these  upper  layers  of  the  atmusphcre  ;  and  warm  air,  rising 
from  the  surface,  expands  and  coi-k  as  il  rises.  Because  the 
upper  air  is  so  cool,  a  frigid  climate  is  fou^id  at  the  equator 
I Co,,,,.. 
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at  a  height  of  a  few  milea ;  and  highlands  are  everywhere 
cooler  than  neighboring  lowlands. 

That  air  cools  on  expanding  may  be  proved  by  a  bicycle  pump. 
Air  pumped  into  the  tire  is  compressed,  or  made  more  dense,  and 
therefore  warmed.  When  this  compressed  air  is  allowed  to 
escape,  it  expands  and  cools,  and  its  coolness  may  h%  felt. 

Although  surrounded  by  cold  air,  parts  of  highlands  exposed 
to  direct  rays  of  the  sun  may  become  quite  warm  at  midday. 
On  a  high  mountain  one  may,  tlierefoi-e,  be  very  warm  in  a  pro- 
tected, sunuy  place,  while  a  few  feet  away,  in  a  shady  spot,  or 
one  exposed  to  the  wind,  it  is  very  cold.  Radiation  is  ao  rapid 
in  the  clear,  thin,  upper  layers  of  air  that  even  the  warm  places 
quickly  cool  off  when  tbe  sun  disappears;  in  fact,  the  temperature 
may  rise  to  90°  at  midday  and  descend  to  10°  at  night. 

Stunmaiy.  —  Highlands  are  cooler  Utan  loulands,  the  temperature 
changiw)  about  1"  for  ecery  300  feet.  Tliere  is  no  loarm  land  to 
wana  the  upper  air,  and  air  cools  as  it  rises  and  expands.  Rapid 
rudiaiion  in  the  dear,  tkin  air  causes  cold  nights. 

(0)  Other  Reasons  for  Differences.  —  We  have  already  learned 
several  reasons  for  differences  in  temperature  according  to  situa- 
tion; for  example,  nature  of  rock,  exposure  (p.  237),  and  influ- 
ence of  water  bodies  (p.  238).  The  nature  and  direction  of  the 
wind  also  influence  temperature  (p.  2C)'t).  Tliese  causes  for  dif- 
ferences in  tempei-ature  are  more  fully  studied  in  Chapter  XIV. 

168.  Daily  and  Seasonal 
Temperature  Changes. — 
(A)  Daily  Range. —The 
warmest  period  is  not  mid- 
day, when  the  sun  is  liigh- 
est,  but  two  or  three  hours 
after  noon  (Fig.  395).     The 

reason  for  this  is  that  in  the     Fig.   sib.  — Normal    daily    umijerature 

morning  it  is  first  necessary         .n^ge  in  winwr  at  Itbaca.  N.Y. 
to  warm  the  ground  that  was  cooled  by  radiation  the  night  be- 
fore.   After  the  ground  is  warmed,  the  temperature  continaea 

^.,.j;>lc 
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Fin,  3Sli,  —  Ctiange  In  temperature  for  six  successive  Bummer  days  at  Ithaoa,  N.Y. 

to  rise  until  the  suu  has  sunk  so  low  that  heat  is  radiated 
away  faster  tlian  it  is  received- 
Then  the  ground  and  air 
commence  to  cool,  contiouing 
to  do  so  until  sunrise.  There- 
fore the  coldest  period  is  not 
midnight,  but  just  before  sun- 
rise (Fig.  395).  Because  of 
these  conditions  there  is  a  nor- 
mal daily  change,  or  range,  of 
temperature  similar  to  that 
shown  in  the  diagram  (Fig. 
3SI.^). 

There  are  a  number  of  condi- 
tions which  may  occasionally  in- 
terfere with  the  normal  daily 
range  (Fig.  396).  A  cloudy  sky, 
interfering  with  the  passage  of 
the  Sim's  rays,  may  prevent  the 
temperature  from  rising  after 
noon;  or  winds  may  bring  air 
so  cold  that  the  tcmi>erature 
falls,  even  during  the  daytime; 
or  warm  winds  may  cause  the 
tempei-atnro  to  rise  througliout 
the  night. 

The  amount  of  change  fi-om 
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la.  397.  —  Normal  summer  (lieavy 
Lne)  and  winter  (dolled  Hue)  daily 
temperaturB  ranRe  tor  several 
places.  (1)  An-llc:  (a)  St.  Vin- 
cent.  Mimi.;  (-1)  Ujarllng,  India; 
(4)  Jai-obabad,  India;  (,->)  Key 
Wesl.FIa.;  ((i)GBllc,  India;  G  and 
S  are  near  the  warm  ocean. 
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day  to  night  differs  from  time  to  time  and  from  place  to  place. 
Thus  the  range  is  great  when  warm  days  are  followed  by  cool 
nights,  and  less  when  cool  days  are  followed  by  cool  nights.  The 
daily  range  in  winter  is  quite  different  from  that  in  summer;  it 
ie  different  at  the  equator  from  what  it  is  in  temperate  latitudes; 
and  on  the  land  from  what  it  is  at  sea  (Fig.  397). 

Summary,  —  In  the  normal  daily  range  the  temperature  ie  highest 
after  midday,  and  loioeat  just  before  sunrise.  Tlie  aviount  of  daily 
range  varies  from  time  to  time  and  fvm  place  to  place- 

(B)  Seasonal  Range,  —  The  yearly  range  of  temperature 
closely  lesembles  the  daily  range.  If  the  average  tempera- 
ture for  each  day  is  kept, 
it  will  be  found  that  in 
the  northern  hemisphere 
there  is  a  steady  rise  from 
March  to  August,  and 
then  a  gradual  fall  until 
Februarj(Fig.398).  The 
reason  why  the  coldest 
weather  conies  after  mid- 
winter (December  21)  in 
that  radiation  continues 
to  cool  the  ground  and 
air  until  the  days  become 
long  enough,  and  the  sun 
high  enough,  to  oveibal- 
ance  the  effect  of  radia- 
tion. The  hottest  period 
of  the  year  comes  after 
midsummer  (June  21), 
for  the  same  reason  that  the  hottest  time  of  day  is  after  noon. 

While  there  is  a  normal  seasonal  curve  as  described,  it  differs 
greatly  in  various  parts  of  the  world  (Fig.  398).  For  example, 
the  midwinter  temperature  at  the  equator  is  very  high,  in  the 
frigid  zones  very  low;  the  range  over  the  equable  ocean  is  far  less 
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F:a.  398.  —  Seasonal  temperature  raoKe  In 
several  places.  (1)  St.  Vint^nt,  Minn.; 
(a)  New  York  Slate;  (3)  Yuma,  Ariz.; 
(4)  Key  West,  Fla. ;  (9)  Oalle.  India;  4 
and  G  are  near  tbe  equable  ocean. 
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tlian  that  over  the  laud ;  in  the  southern  hemisphere  the  lovest 
temperature  comes  at  the  time  of  our  summer.  There  are  also 
differences  caused  by  altitude,  deserts,  and  other  influences. 

Sumnury.  —  J%e  aoerage  temperalure  rises  until  after  midsum- 
mer and  descends  UTiiit  ajter  midwinter.  Jlte  normal  curve  of 
seasonal  temperature  range  varies  from  place  to  place. 

FORMS  OF   WATER. 

169.  Humidity.  —  Water  vapor,  which  riBes  from  the  ocean, 
and  all  damp  surfaces  (p.  230),  is  diffused  through  the  air 
and  drifted  about  with  it.  It  finds  its  way  to  all  parts  of  the 
earth ;  not  even  tlie  Sahara  has  absolutely  dry  air.  The 
actual  amount  of  vapor  in  the  air,  that  is,  the  amount  in 
pounds  or  quarts,  is  known  as  the  absolute  humidity.  If 
there  is  as  much  as  possible,  the  air  is  said  to  be  saturated. 
For  example,  in  a  room  10  x  20  x  20  feet,  the  air  at  a  tem- 
perature of  80°,  if  saturated,  has  6^  pounds  of  water  in  the 
form  of  vapor.     This  is  its  absolute  humidity. 

To  represent  the  amount  of  vajrar  present  in  air,  com- 
pared with  tlie  amount  that  might  be  there,  the  term  relative 
humidity  is  employed.  Relative  humidity  is  measured  in 
percentages.  Thus  the  relative  humidity  of  saturated  air  is 
100  per  cent,  for  it  has  all  it  can  contain ;  of  absolutely  dry 
air,  0  per  cent ;  and  of  air  having  only  half  as  much  as  it 
might  carry,  50  per  cent. 

If  the  relative  humidity  is  low,  as  in  deserts,  there  is  a 
chance  for  so  much  more  vapor  in  the  dry  air  that  evapora- 
tion is  rapid ;  if  the  humidity  is  high,  as  in  the  tropical  forest 
there  can  be  little  evaporation,  and  surfaces  remain  damp. 
We  notice  this  difference  in  summer,  for  some  days  are  clear 
and  dry,  others  are  humid  or  muggy.  When  the  humidity 
is  great,  the  weather  is  most  oppressive ;  we  perspire  easily, 
and  are  very  uncomfortable,  because  there  can  be  litUe 
evaporation  from  the  surface  of  the  body. 


yhrhririfiiiiiff 
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fia.  369.  — Dailf  change*  iu  relative  humidity  at  Ithaca,  N.Y.,  for  one  week.    Notice 

that  at  night  the  bamldity  rises  Dearly  or  quite  to  the  dew  point  (100  per  cent),  but 

in  the  warmest  part  of  the  day  is  very  low.     Tbis  does  Dot  mean  any  change  In 

the  alMolute  hamidity,  bat  U  the  resnlt  ol  cbauges  in  temperature  [rom  day  to  nigbt. 


Flo.  400.  —  Above  the  cloods,  moantaia  tops  projecting  throug 


D  a  mountain  aide.    Damp  winds  bloiHU^^i^  tii« 
V  here  chilled  until  the  dew  point  is  r«*ched. 
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Warm  air  can  carry  more  water  vapor  than  cool  air,  for 
the  amount  of  vapor  possible  depends  on  temperature.  For 
this  reason,  when  the  temperature  in  the  room  mentioned 
above  is  CO"  there  can  be  only  3J  pounds  of  water  vapor  in 
the  air.  There  is,  therefore,  far  leas  vapor  in  the  frigid  than 
in  the  tropical  zone. 

From  this  it  is  evident  that  if  saturated  air  is  warmed,  it 
ceases  to  be  saturated ;  that  is,  its  relative  humidity  falls 
(Fig.  89U)  and  evaporation  is  possible.  This  is  illustrated 
by  the  Sahara.  There  the  winds  are  blowing  toward  a 
warmer  region,  and  the  relative  humidity  is  being  constantly 
lowered,  making  the  air  so  dry  that  the  ground  is  dried  and  a 
desert  produced.  If,  on  the  other  hand,  damp  air  is  cooled, 
its  relative  humidity  increases,  and  the  point  is  soon  reached 
when  it  becomes  saturated.  Further  cooling  then  forces 
some  of  the  vapor  to  condense  to  liquid  water,  or,  if  the  tem- 
perature is  below  freezing,  to  snow  or  ice.  This  is  known 
as  precipitation. 

These  facts  explain  many  phenomena.  Thus,  when  one 
breathes  against  a  cool  window  pane  the  breath  is  cooled  to 
the  point  of  saturation,  and  some  of  the  vapor  caused  to  con- 
dense. A  glass  of  water  "sweats"  on  warm,  muggy  days, 
because  the  cool  glass  reduces  the  temperature  of  the  air  near 
it,  and  raises  the  relative  humidity  to  the  point  of  saturation. 
Then  some  of  the  vapor  must  condense.  Tliis  point  of 
saturation  is  often  called  the  "dew  point,"  because,  when  it 
is  reached,  dew  forms  on  the  ground.  Precipitation  is 
caused  whenever  the  air  is  chilled  to  the  dew-point. 

Summary. — Absolute  hnmiditt/  is  the  nctuaJ  amount  of  water 
vapor  in  the  air  at  a  given  time;  relative  humidity  is  tJie  percentage 
present  compared  to  v;kat  might  be  present  at  iJiat  temperature.  The 
Teiative  humidity  decreases  with  rising  temperature,  and  increases 
with  falling  temperature.  When  it  decreases,  evaporation  becomes 
more  rapid;  when  it  increases,  if  it  readies  the  poijU  of  saturation, 
or  the  "  dew  point,"  there  is  precipitation. 
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170.  Dew  aad  Frost.  —  (A)  Dew. — At  night  the  lower 
air  ia  chilled  by  contact  with  the  ground,  which  la  cooled  by 
radiation.  If  the  air  ia  damp,  some  of  the  vapor  is  then  con- 
densed as  dew ;  and  it  it  ia  very  humid,  dew  may  begin  to 
form  even  before  aunset.  The  formation  of  dew  is  checked 
(1)  when  the  air  is  quite  dry,  (2)  when  winds  stir  the  air 
and  keep  it  from  reaching  the  dew  point,  or  (3)  when  radia- 
tion ia  interfered  with  by  clouds. 

One  reason  why  dew  forma  so  readily  on  grass  is  that  vege- 
tation is  a  good  vadiator  and  hence  cools  quickly.  Another  rea- 
son ia  that  there  is  wuter  rising  from  the  plants,  as  there  ia  also, 
to  less  extent,  from  the  ground.  During  the  day  this  water  dis- 
appears by  evaporation  and  is,  therefore,  unnoticed ;  but  at  night, 
when  the  air  is  saturated,  evaporation  ia  so  checked  that  the 
water  gathers  on  the  surface  of  the  -leaves  and  grass. 

Summary.  —  Deio  is  caused  (1)  b>/  Ike  diiUing  of  air  to  the  dew 
poifit  by  the  cool  ground,  and  (2)  by  the  rising  of  water  from  plants. 
Dry  air,  winds,  and  douds  are  unfavorable  to  the  formation  of  dew, 

(B)  Frost.  —  Fi'ost  is  not  frozen  dew,  but  the  solid  form 
assumed  when  vapor  condenses  at  temperatures  below  freez- 
ing. Even  when  the  general  temperature  is  above  freezing, 
frost  may  visit  some  localities,  l-ow,  swampy  ground  ia  first 
affected  becauae  (1)  the  air  ia  damper,  and  (2)  air  cooled  on 
the  hillsides  slidea  down  to  these  low  places. 

Sometimes  frost  comes  so  early  in  the  fall  that  fruit  not  yet 
quite  ripe  is  destroyed;  and  late  spring  frosts  often  do  great 
damage  to  buds.  Such  frosts  occur  during  nights  when  the  air  is 
80  clear  that  radiation  proceeds  readily.  Frosts  cause  the  leaves 
to  change  fiolor,  and  finally  to  fall ;  then  for  a  time  the  trees  are 
dormant,  bursting  forth  into  new  life  with  the  return  of  warmth 
in  the  spring.  Many  plants  are  killed  by  the  first  frost,  leaving 
only  their  seeds,  bulbs,  or  roots  to  grow  tlie  next  season. 

Summary.  —  Frost  is  the  solid  form  assumed  hy  condensed  vapor 
at  temperatures  beloiv  freezing.  Fivsts  first  occur  in  lotc,  damp 
l>litces;  and  early  fall  and  late  spring  frosts  do  dama^  to  platUs. 
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171.  Fog  and  Clouds.  —  (A)  Fog.  —  When  we  breathe  into 
cold  Hir,  tiie  vapor  of  the  breath  is  condensed  into  particles 
of  water  so  small  that  they  float,  forming  a  tiny  fog.  Fog  is 
formed  when  damp  air  is  chilled  in  other  ways.  For  exam- 
ple, it  often  forms  at  night  when  the  air  over  low,  damp 
land  is  chilled  to  the  dew  point ;  or  it  may  form  when  two 
currents  of  air  are  mixed,  one  cool,  the  other  damp  and  warm. 
Fogs  at  sea  are  often  caused  In  this  way. 

One  of  the  foggiest  places  in  the  world  is  on  the  path  of  trans- 
atlantic steamers  south  of  Newfoundland.  Here  tn^warm  Gulf 
Stream  drift  and  the  cold  Labrador  current  are  near  together ;  and 
winds  from  one  to  the  other  cause  vapor  to  condeuae  into  fog  par- 
ticles. Vessels  rarely  pass  the  Banks  of  Newfoundland  without 
encountering  some  fog;  and  in  it  many  a  boat  has  been  lost  by 
collision  with  another,  or  with  an  iceberg,  or  by  running  aground 
on  the  shoals.  Fog  is  one  of  the  most  dreaded  dangers  of  the 
sea,  and  cautious  captains  reduce  their  speed,  and  keep  the  fog- 
horns blowing  to  warn  otlier  vessels  of  their  approach.  In  har- 
bors, navigation  is  sometimes  completely  stopped  by  dense  fogs. 

Dust  particles,  by  supplying  solids  on  which  the  water  may  col- 
lect, aid  in  the  formation  of  fog.  It  is  believed  that  the  fogginess 
of  London  is  partly  due  to  the  large  amount  of  dust  in  the  neigh- 
borhood of  that  great  city.  The  fog  of  Loudon  is  sometimes  so 
dense  that  it  is  necessary  to  stop  all  traffic  on  the  streets,  and  even 
to  close  the  stores. 

SnmiDary.  —  Fog  is  caused  by  the  chilling  of  air  to  the  deiv  point, 
forcing  some  of  the  vapor  to  condense  to  tiny  drops.  Duet  particles 
mtpply  solids  for  the  water  to  condense  on. 

(B)  Cloudi.  —  Clouds  are  also  made  by  the  condensation 
of  vapor.  Most  clouds  are  fog  or  mist,  though  the  higher 
ones,  where  the  temperature  is  below  freezing,  are  composed 
of  snow  or  ice  particles.  Man)'  clouds,  especially  on  sum- 
mer days,  are  caused  by  the  rising  of  warm,  damp  air.  As 
the  air  rises  it  expands  and  cools;  and  when  the  dew  point  is 
reached,  fog  particles  grow,  forming  clouds.     Clouds  are  also 
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caused  when  damp  air  blows  against  a  cold  surface,  for  ex- 
ample, a  mountain  slope  (Fig.  400).  Still  another  cause  for 
clouds  is  the  contact  of  two  currents  of  air,  one  above  the 
other,  one  cold,  the  other  warmer  and  humid. 

Clouds  aa8ume  many  weird  and  beautiful  forms  (Fig,  402). 
Those  that  overspread  the  aky,  having  the  appearance  of  layers, 
or  strata,  are  called  stratus  clouds.  They  are  common  during 
stormy  weather,  and  are  usually  low  in  the  sky,  often  so  low  that 
they  hide  the  tops  of  the  hills.  Frequently,  especially  in  winter, 
they  cover  hundreds  of  square  miles  and  last  two  or  three  days, 
while  from  them  large  quantifies  of  rain  fall.    ■ 

The  clouds  formed  by  the  rising  of  air  on  warm  summer  days 
are  called  cumulus  clouds  (Fig.  402).  A  flat  base,  usually  several 
thousand  feet  above  the  surface,  marks  the  height  at  which  the 
rising  vapor  begins  to  condense.  Extending  above  this  base, 
soiuetiraes  to  a  height  of  a  mile,  are  a  series  of  cloud  domes  which 
are  often  very  beautiful,  especially  when  lighted  and  colored  by 
the  rays  of  the  setting  sun.  Cumulus  clouds  often  develop  into 
thunder-heads. 

A  third  common  type  is  the  cirrm  cloud  (Fig.  402),  which  is 
often  five  or  six  miles  above  the  surface.  Unlike  the  other  two 
types,  these  clouds  are  made  of  transparent  ice  particles;  and 
they  are  so  thin  that  the  sun  shines  through  them.  It  is  in- 
cirrus  clouds  that  rings  around  the  sun  and  moon  are  often 
seen  (p.  233).  The  cirrus  clouds  vary  greatly,  some  having  a 
most  delicate  and  beautiful  feathery  and  plumed  form. 

There  is  every  gradation  between  the  three  types  of  clouds. 
To  these  intermediate  forms  com  pound  names  are  given  as  follows  : 
cirvo-stratus,  strato-cirrus,  cirro^uraulus,  cumnlo-cirrua,  cumulo- 
stratus,  and  atrato-cumulus.     The  rain  cloud  is  called  nimbus. 

Summary.  —  Clouds  are  made  of  fog,  mint,  snow,  and  ice  particUs. 
Thfiij  nrecarised  hy  the  condensing  of  va/wr  from  varionH  caiisea, — 
rising  and  expanding,  blowing  against  cold  surfaces,  and  contact 
of  cold  and  loarmer,  damp  cwrents.  Stratus  doiids  are  lotv,  and 
spread  over  large  areas;  cnmuliui  clouds  rise  in  domes  above  a  flat 
bam;  cirrus  are  thin,  Jlpeci/  clouds  high  in  the  air  and  are  made 
of  ice  particles.     There  are  many  variations  betuKtnthese  t^pea. 
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172.  Rain,  Snow,  and  Hail.  — (A)  Rain- — Fog  particles 
in  clouds  may  grow  to  such  size  that  they  can  no  longer  float. 
They  then  fall  as  raindrops.  The  growth  of  raindrops  is 
due  to  several  causes :  (1)  continued  condensation  of  vapor; 
(2)  union  of  fog  particles,  driven  together  by  currents  of  air; 
and  (3)  union  of  particles  as  they  fall  througli  the  cloud. 
Thus  rain  is  merely  the  result  of  a  continuation  of  the  process 
of  cloud  formation.  If  the  vapor  condenses  rapidly,  as  in 
summer  thunder-clouds,  the  drops  may  grow  to  great  size. 

Rain  may  evaporate  on  its  way  from  the  clouds  and  fail  to 
reach  the  ground.  Such  Btreamers  o£  rain,  descending  ]tart  way 
to  the  earth,  may  sometimes  be  seen  in  summer.  In  other  cases, 
nun  on  its  way  down  may  freeze  in  passing  through  a  cold  layer 
of  air,  forming  sleet.  Some  sleet  is  snow  that  has  partly  melted, 
and  then  frozen  before  reacbing  tbe  ground. 

Svmmary.  —  Continued  condensation  of  vapor  m  cloud  formation, 
and  the  uni'on  of  the  fog  partidea,  form  raindrops  so  heavy  that  they 
mutt  fall  to  the  earlL 

(B)  Snow.  —  Snowflakes  are  not  frozen  raindrops,  but  are 
formed  when  vapor  is  condensing  in  a  cloud  at  temperatures 
below      freezing 
point.    If  the  snow- 
flahe  grows  without 
interference,  it  ii 
regular  and  beauti- 
ful   crystal     (Fig. 
408).     It  grows  as 
reeularly  as  salt  or  „     „  , 

,°  ■'    ,    ,  Fio.  403.  —  Sdow  cryBtate. 

alum  crystals   in  a 

solution  that  is  slowly  evaporating.     The  feathery  frost  on 

window  panes  is  also  caused  by  crystal  growth,  when  vapor 

condenses  at  temperatures  below  the  freezing  point. 

There  are  several  reasons  why  anowflafees  are  usually  irregular: 
(1)  the  crystals  are  often  broken;  (2)  several  are  often,  uni.tgd, 
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fonniDg  a  matted  mass;  (3)  as  the  snow  falls  it  is  sometimes 
partly  melted  in  passing  through  a  warmer  layer  of  air.  In 
many  cases  sdow  melts  entirely,  reachiog  the  ground  as  rain. 
This  is  often  illustrated  in  hilly  countries,  when  hilltops  are 
covered  with  snow  while  100  or  200  feet  lower,  in  the  valleys, 
rain  is  falling. 

Summuy.  —  Snowflakea  are  crystals,  built  up  by  the  condensing 
of  vapor  at  temperatures  below  freezing.  They  are  often  broken, 
matted,  or  partly  melted  on  the  way  down,  becoming  irregular. 

(C)  Mail.  —  Hail  is  formed  in  violent  storms,  such  as  tor- 
nadoes and  thunder-storms,  where  there  are  strong,  whirling 
currents    of    air. 
Hailstones        are 
balls  of  ice,  built 
up  by  condensing 
vapor  as  they  are 
whirled    up    and 
down  in  the  vio- 
lent   currents, 
freezing,  melting, 
and  freezingagain 
as  tliey  pass  from 
warm  to  cold  cur- 
rents.    For  this  reason  they  are  often  made  of  several  layers, 
or  shells,  of  ice.     They  may  grow  to  great  size,  and  may  he 
kept  suspended  by  the  rising  currents  long  after  they  aie 
heavy  enough  to  fall  through  quiet  air.     When  they  fall, 
usually  at  the  margin  of  a  storm,  they  often  break  window 
glass  and  do  great  damage  to  crops.     Conditions  favoring 
the  formation  of  large  hailstones  are  fortunately  not  common, 
and  their  effects  are  confined  to  very  limited  areas. 

Summary.  —  Hailstonea  are  made  of  ice,  formed  by  condensing 
vapor  in  whirling  air  currerUs.  They  jtwiy  grow  to  large  size  before 
they  fall,  then  qflen  doing  considerable  damage. 
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TOPlCiX  OCIXIMB,  QUBSTIOKS,  AND  SirOOBeTIOm. 

Topic&L  Outline.  — 102.  CompMitloo  of  tlie  Aii. —  (A)  Oxygen, 
Nitrogen,  and  Carbon  Dioxide:  percentage  of  each ;  ai^on;  importance  of 
ox7g>!D;  of  uitrogen;  of  carbon  dioxide;  a!ov  combuBtion  in  animals; 
rapid  combustion ;  production  of  heat.  (B)  Watrr  Vapor:  source;  evapo- 
ration; variation  in  amount;  condensation.  ((J)  Dutt  Particles :  nature 
of  materials:  distribution;  effect  on  condensation;  niicrobeB. 

168.  Effect  of  Oravitj'.  —  Cause  of  weight ;  amount  at  aea  level ;  reason 
for  not  noticing  pressure ;  density  of  lower  air ;  rarefied  air ;  effect ;  effect 
of  temperature  on  density  of  air ;  movements  started  by  gravity. 

164.  Light.  —  Nature  of  light;  speed  of  passage;  combination  of 
waves;  effect  of  prism;  refraction;  colors  of  spectrum;  reflection;  in- 
stances; mirage;  rainbow;  halos;  color  of  objects;  diffraction;  blue 
color  of  sky ;  sun  set  .colors. 

165.  Heat.— (A)  Radiant  Energy:  heat  from  a  stove;  light  from  a 
stove;  radiant  energy;  radiation;  radiant  energy  from  bodies  in  space; 
effect  of  radiation  on  stove;  on  sun;  part  reaching  earth.  (B)  Pontage 
of  Radiant  En/rgy :  diathennanous ;  effect  of  air  on  heat ;  effect  of  dust. 

(C)  Radiation  from  the  Earth:  earth  as  a  radiator;  cause  of  cool  nights; 
of  cold  winter;  difference  between  land  and  water;  difference  in  frost. 

(D)  Refltction  and  Absorption:  water;  quarries;  black  objects;  white 
objects.  (B)  Conduction  r  in.  a  stove ;  air,  water,  and  ground  as  con- 
ductors; depth  of  conduction  in  the  ground.  (F)  Convection :  in  watnr; 
in  air,  —  near  a  lamp,  near  a  fire,  by  heat  from  sun. 

106.  Waimlns  ol  Land,  Water,  and  Air.  —  (A)  The  Lands .-  wanning ; 
loss  of  heat ;  day  and  night ;  tropical  zone ;  temperate  zone ;  frigid  zone ; 
color  of  surface;  vegetation;  exposure.  (B)  The  Walert:  comparison 
with  land;  heat  of  vaporization;  equable  climate.  (C)  The  Air:  causes 
for  warming;  causes  for  coaling;  interference  with  radiation. 

167.  Causes  for  Differencea  in  Temperature  on  the  Earth.  — (A)  Position 
of  Sum  differences  in  height;  reasons  why  sun  low  in  heavens  is  less 
powerful;  results.  (B)  Altitude:  decrease  in  temperature;  explana- 
tion; illustration  of  effect  of  expansion;  sunny  q)ots;  effect  of  radia- 
tion.    (C)  Other  Reison.1  for  Differences :  rock;  exposure;  water;  wind. 

168.  Daily  and  Seasonal  Temperature  Changes.  —  (A)  Daiiy  Range: 
warmest  period;  coolest  period ;  reasons;  intei'ference  with  normal  range; 
difference  in  amount  of  range.  (B)  Seasonnt  Range .-  resemblance  to  daily 
range ;  coldest  period ;  warmest  period ;  reasons ;  causes  for  differences 
in  curve. 

169.  Humidity.  —  Source;  distribution;  absolute  humidity;  saturated 
air ;  relative  humidity ;  measuring  relative  humidity ;  effect  of  low  humid- 
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itffi  of  high  humidity;  influence  of  temperatute  on  humidity;  caude  of 
deserts;  precipitation;  illustrations  of  effect  of  cooling ;  dew  point. 

170.  Dew  and  FiDst.  —  (A)  i^ew.- cause;  unfavorable  conditions;  rea- 
son for  dew  on  gi-ass.  (B)  FroM:  cause;  most  favorable  places;  earlj 
and  late  frosts ;  effect  of  frost  on  plants. 

171.  Foe  and  Clouds.  —  (^)  ^'"S-  the  breath;  chilling  of  air;  f og  ofi 
Newfoundland;  dangers  to  navigation;  aid  of  dust  particles;  LoudoD 
fog.  (B)  Clouds;  materials;  causes;  stratus;  cumulus;  cirrus;  inter- 
mediate forms;  nimbus. 

173.  Rain, Snow, and  Eail.  —  (A)  Aai'n:  reason  for  falling;  causes  for 
drops;  large  drops;  failure  to  reach  earth;  sleet.  (B)  Snow;  cause; 
snowfiakes;  frost  on  windows;  irregularity  of  snowflakes;  meltiog  of 
falling  snow.    (C)  Hail:  formation;  reason  for  shells  of  ice;  size;  effects. 

Questions.  — 102.  (A)  What  elements  make  up  the  bulk  of  the 
air?  What  is  the  importance  of  each  V  (B)  What  isevaporation?  What 
difference  is  there  ia  the  amount  of  vapor  in  air?  What  results  when  it 
is  condensed?  (C)  What  are  dust  particles?  Where  are  they  most 
common?    What  are  their  effects? 

Ifl3.  Hasairweight?  Why?  How  much?  Why  does  not  the  weight 
of  the  air  affect  us?    In  what  two  ways  does  the  density  vary? 

164.  What  is  light?  What  is  refraction?  What  is  reflection?  What 
phenomena  are  produced  by  reflection  and  refraction  of  light  in  its  pas- 
sage through  the  atmosphere?  What  is  the  cause  of  color  in  flowers? 
What  ia  the  cause  of  the  blue  color  of  the  sky?    Of  sunset  colors? 

185.  (A)  What  is  radiant  energy?  What  is  radiation?  What  effect 
is  radiation  having  on  the  sun?  (B)  What  are  diathermanous  bodies? 
Give  examples.  Why  does  the  sua  lose  power  in  late  afternoon?  (C) 
Why  does  the  ground  become  cool  at  night  and  cold  in  winter?  What 
difference  is  there  in  the  radiation  from  bodies  ?  (U)  Give  illustrations 
of  reflection.  Give  illustrations  of  absorption.  (E)  What  is  conduction  ? 
What  effect  has  it  on  earth,  air,  and  water?  (F)  What  causes  convection 
in  water?     Give  illustrations  of  convection  of  air. 

188.  (A)  Why  is  not  the  ground  excessively  warmed?  What  differ- 
ences are  thare  in  the  three  zones?  What  other  causes  for  difference  are 
there?  (B)  State  the  reasons  why  water  warms  more  slowly  than  land. 
What  is  heat  of  vaporization?  Compare  land  and  water  in  winter  and 
at  night.  What  is  an  equable  climate?  (C)  How  is  the  air  warmed? 
How  ia  it  cooled?     Why  is  muggy  air  oppressive? 

167.  (A)  Why  is  the  sun  less  powerful  when  low  than  when  high? 
State  three  important  effects  of  differences  in  sun's  position.  (B)  Why 
are  highlands  cool?  Are  any  prftts  warm?  What  is  the  effect  of  radia- 
tion?    (C)  What  other  reasons  are  there  for  differences  in  temperature? 
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168.  (A)  When  are  the  wannest  and  coolest  times  of  day?  WhyT 
What  causes  are  there  for  ioterference  with  the  normal  daily  range? 
For  differenceain  the  atnouiitof  duily  range?  (B)  When  are  the  warmest 
and  coolest  times  of  the  year?  Why  ?  What  reasons  are  there  for  diSer< 
euces  in  the  normal  geaiiaiial  cui-ve? 

169.  What  ia  absolute  humidity?  What  ia  saturated  air?  What  is 
relative  humidity?  What  is  the  result  of  raising  the  temperature?  What 
is  the  cauae  of  some  deserts?  What  is  the  result  of  lowering  the  tem- 
perature?   What  causes  precipitation?    Illustrate.    What  is  dew  point? 

176,  (A)  What  is  the  cause  of  dew  ?  Under  what  conditions  is  there 
no  dew?  Why  ia  there  so  much  dew  on  grass?  (B)  What  is  frost? 
Why  does  frost  first  visit  low,  damp  places?    What  are  its  effects? 

171.  (A)  What  are  the  causes  for  fog?  What  are  the  couditious  on 
the  Banks  of  Newfoundland?  Why?  What  Ls  the  effect  on  navigation? 
What  relation  have  dust  particles  to  fog?  (B)  Of  what  are  clouds  made? 
How  are  they  caused?    Name  and  describe  each  of  the  cloud  types. 

172.  (A)  What  is  the  cause  of  rain?  Why  do  the  drops  vary  in  size? 
What  is  aleet?  (B)  What  are  suowflakes?  How  formed?  Why  are 
they  often  irregular?  (C)  What  is  the  cause  of  hailstones?  Why  do 
they  sometimes  grow  so  laige? 

SuoOESTiONB.  —  (1)  Recall  Experiments  1,  2,  3,  4,  and  6  of  Chapter 
II,  p.  30.  (3)  Let  a  beam  of  sunlight  enter  a  darkened  room  and  notice 
the  dust  that  it  lights.  Watch  the  aky  to  see  if  it  is  sometimes  hazy. 
Is  it  clearer  after  a  rain?  Why?  Qi)  By  means  of  an  air  pump  show 
that  air  has  presaure.  The  teacher  of  physics  can  tell  how  this  is  to  be 
done,  (i)  Obtain  a  priam  of  glass  from  the  physical  laboratory  and  allow 
a  ray  of  sunlight  to  paas  through  it  in  order  to  study  the  prismatic  colors. 
(5)  Place  a  stick  in  water  and  notice  that  it  appears  to  bend  below  the 
wat«r.  This  is  due  to  refraction.  (6)  Heat  a  brick  or  a  atone  and  suspend 
it  by  a  wire-  Why  does  it  become  cool?  Does  the  thermometer  show 
rise  of  temperature  when  placed  near  it?  Why?  (7)  Try  the  experiment 
with  black  and  white  cloth,  mentioned  on  p.  336,  using  ice  instead  of  snow. 
(S)  Place  a  thermometer  in  the  shade  in  such  a  position  tliat  sunlight  can 
be  reflected  on  it  by  means  of  a  mirror.  Does  the  temperature  rise? 
(9)  Place  one  end  of  a  bar  of  iron  in  the  £re.  Does  the  other  end  become 
warm?  Why?  Place  an  equal  bn  Ik  of  several  aubatances — for  example, 
iron,  soil,  and  rock — on  the  steve  tor  a  short  period  to  test  which  first  be- 
comes warm  hy  conduction.  Use  a  thermometer  to  determine  this.  It  can 
also  be  told  by  potting  a  thin  layer  of  paraffin  on  each,  noticing  on  which 
it  first  begins  to  roelt.  (10)  Study  courection  in  water,  using  a  glass  dish 
with  muddy  water  so  as  to  see  its  movement.  Study  the  convection  of 
air  near  a  lamp,  clouding  the  air  with  smoke  (this  can  be  obtained  by 
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lighting  a  piece  of  cloth)  so  that  its  movement  may  be  seen.  Explain  the 
principle  of  a  lamp ;  of  a  fireplace.  How  is  your  schoolhouse  ventilated  ? 
Does  the  fresh  air  come  in  above  or  below?  Why?  (11)  Place  a  brick 
and  a  pan  of  water  (as  deep  as  the  thickness  of  the  brick)  on  a  hot  stove 
oroveraBunsen  burner.  Carefully  weigh  each  before  placing  them  there. 
When  the  brick  has  become  warm,  take  the  tempeiature  of  each  at  the 
top.  At  the  bottom.  Why  ia  one  the  sanie  temperature  throughoLit, 
the  other  hot  at  the  bottom  and  only  warm  at  the  top?  Which  shows  the 
higher  temperature?  Why?  When  cool,  weigh  them  again.  Has  either 
lost  weight?  Why?  (12)  Do  the  same  with  water  and  soil,  leaving  a 
thermometer  in  each  and  recording  the  changes.  In  which  does  the  tem- 
perature rise  faster?  Which  cools  faster?  (13)  Take  the  temperature 
at  6,  8,  10,  12,  2,  4,  6,  8,  and  10  o'clock  for  one  day.  Construct  a  curve 
nmitar  to  Fig.  385.  Keep  records  for  a  week,  and  construct  curves  to  see 
if  they  are  all  alike.  (11)  A  seasonal  curve  can  also  be  made,  getting  the 
data  from  the  Annual  Report  of  the  United  States  Weather  Bureau,  in 
which  daily  averages  are  given  for  many  places.  (15)  With  a  bicycle 
pump  illustrate  the  warming  of  air  by  compression,  and  cooling  tij  ex- 
pansion (p.  S4I).  A  little  fog  can,l>e  produced  by  placing  a  dish  of  hot 
water  where  the  escaping  cool  air  passes  over  it.  (16)  Make  observa- 
tions on  condensation,  —  blowing  on  a  cold  window,  for  example-  In 
warm,  damp  air,  watch  drops  collect  on  a  glass  of  ice  water.  I'hat  the 
water  does  not  come  from  within  the  glass  may  be  proved  by  placing  a 
glass,  without  water,  on  ice  until  it  is  cold,  then  putting  it  in  the  room. 
The  same  thing  may  also  be  shown  by  putting  salt  and  ice  in  a  bright  tin 
dipper.  The  temperature  of  dew  point  can  be  determined  by  putting  a 
thermometer  in  the  salt  and  ice,  reading  the  temperature  at  the  moment 
water  begins  to  cloud  the  surface  of  the  dipper.  (17)  Study  frost :  the 
time  of  its  coming;  the  places  where  it  comes  first;  and  any  other  facta 
you  can  find  out  by  observation.  (18)  For  a  few  days  observe  the  clouds 
carefully,  classifying  those  you  see. 

Reference  Books.  —  Davis,  Elementary  Meteorology,  Ginn  &  Co.,  Boa- 
ton,  1894,  t2.70 ;  Ward,  Practical  Eierciaes  in  Elementary  Meteorology, 
Ginn  &  Co.,  Boston,  1808,  *1.12;  Waldo,  Modern  Meteorology,  Scrib- 
ner's  Sons,  New  York,  18B3,  $1.50;  Elementary  Meteorology,  American 
Book  Co.,  New  York,  1898,  11.50;  RresiCLL,  Meteorology,  Macmillan  & 
Co.,  New  York,  1804,  |4.00;  Ttndall,  The  Form  of  Water,  Appleton  & 
Co.,  New  York,  1872,  fl.50 ;  Illiulmlii-e  Cloud  Forms,  U.  S.  Hydrographic 
Office,  Washington,  1897,  81.00;  Annual  Heporli  and  Monthly  Weather 
Review;  M.S.  Weather  Bureau,  Washington;  Bartholomew,  Physical 
Atlas,  Vol.  HI,  Meteorology,  Archibald  Constable,  London,  1899,  {13.00. 
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173.  Relation  between  Winds  and  Air  PreBsnre.  —  Winds 
are  the  result  of  differences  in  the  air  pressure,  or  weight. 
It  is  easier  to  understand  their  cause  if  we  consider  the 
atmosphere  to  be  composed  of  a  great  number  of  air  columns 
which  gravity  holds  to  the  earth.  If  the  sun's  heat  warms 
the  air  in  one  place,  the  columns  at  that  place  become  lighter 
than  in  places  not  co  warmed  (p.  231).  Light  air  is  said  to 
have  a  tow  pressure,  heavy  air  a  hiffh  pretture,  because  the 
heavier  the  air,  the  higher  it  pushes  the  mercury  up  in  the 
tube  of  the  barometer  (Appendix  G).  The  air  moves,  or 
flows,  from  places  of  high  toward  places  of  low  pressure,  thus 
causing  winds.  On  a  larger  scale,  it  is  much  the  same  as 
the  movement  of  the  cooler  and  heavier  air  which  crowds  Up 
the  warm,  lighter  air  in  a  lamp  (p.  236). 

The  dtffereace  in  air  pressure  which  causes  winds  is  often 
known  as  the  barometric  gradient.  It  is  so  named  because  the 
air  flows  from  a  region  of  high  pressure,  or  high  barometer,  to  one 
of  low,  as  it  it  were  going  down  a  grade,  or  gradient,  as  flowing 
water  does.  It  is  not  to  be  understood,  of  course,  that  there  is  a 
real  slope  or  grade,  but  merely  lighter  air  in  one  place  than  in 
another.  If  the  difference  in  pressure  is  great,  the  barometric 
gradient  is  so  high  that  the  air  moves  swiftly,  as  water  flows 
down  a  steep  grEide. 

Summary.  —  Winds  are  due  to  a  flowing  of  air  from  regions  of 
heavy  air,  or  high  pressure,  to  regions  of  low  presstire;  and  the 
difference  in  pressure  is  known  as  the  barometric  gradient. 


256  IfEW  PHTSICAL  OEOGBAPHY. 

171.  Sea  aod  Land  Breezes.  —  A  simple  illustration  of 
winds  ia  often  found  along  ocean  and  lake  shores  on  hot 
days.  On  such  days  the  laud,  and  the  air  over  it,  become 
much  warmer  than  the  water  (p.  238).  Soon  the  heavier  air 
from  the  water  flows  in  as  a  cool,  refreshing  tea  breeze.,  push- 
ing upward  the  warm,  lighter  air  that  rests  on  the  land. 

When  the  sea  breeze  begins  to  blow,  the  temperature,  which 
may  have  risen  to  80°  or  90°,  commences  to  fall,  and  the  reat  ot 
the  day  is  pleasantly  cool.  It  is  partly  because  of  the  cool  sea 
breezes  that  so  many  people  go  to  the  seashore  to  spend  their 
Slimmer  vacations.  Along  tropical  coasts,  sea  breezes  are  very 
pronounced  iind  of  almost  daily  occurrence. 

At  night  a  land  breeze  often  blows  out  over  the  water.  The 
reason  for  this  is  that  the  land  cools  by  radiation  faster  than  the 
water  (p.  238),  and  the  cool  land  air  slides  out  over  tlie  sea,  push- 
ing up  the  warmer  air  that  rests  there.  Sailboats,  becalmed  ofF- 
shore  when  the  sea  breeze  dies  down,  are  able  to  reach  port  late  in 
the  evening  when  the  land  breeze  begins  to  blow. 

Somiiury-  —  Sea  breezes  are  caused  by  cool  air  from  t?ie  sea  flow- 
ing in  on  hot  days  and  pushing  up  tlte  ivarm,  light,  air  over  the  land. 
At  night,  land  breezes  blow  out  over  the  sea  from  the  cooler  land. 

175.  mountain  Valley  Breezes. — Winds  similar  to  the  land 
breezes  are  noticed  at  night  in  hilly  and  mountainous  regions. 
As  the  land  cools  by  radiation,  the  cool,  heavy  air  slides  down 
the  slopes,  causing  winds  that  often  gain  great  force  late  at  night. 
During  the  day,  as  the  valley  sides  are  warmed,  the  air  moves  up 
the  valleys;  but  this  movement  does  not  cause  winds  so  strong 
aa  those  at  night,  when  the  air  is  flowing  down  grade  and  gather- 
ing from  many  tributary  valleys  into  one  main  valley. 

Summary.  —  At  night,  cool  air  slides  doicn  valleys,  forming  winds; 
and  air  passing  iip  the  valleys  dimng  the  day  causes  lighter  breezes. 

176.  Monsoon  Winds.  —  On  some  of  the  continents,  there 
are  changes  in  wind  direction  from  summer  to  winter. 
These  seasonal  winds,  known  as  monxtona,  are  best  devel- 
oped in  Asia  (p,  259), 


WINDS  AND  STORMS.  257 

In  summer  the  land  becomes  warmer  than  the  water,  and 
air,  therefore,  blows  from  the  Pacific  and  Indian  oceans  toward 
the  warm  interior,  forming  the  summer  monsoon.  In  winter, 
when  radiation  cools  the  Asiatic  highlands,  tlie  heavy  air 


Fio.  405.— Thoaammei  {left  hand)  snd  winter  (right  hand) 

moves  outward  toward  the  warmer  oceans,  forming  the 
winter  monsoons.  Thus  twice  each  year  the  winds  change. 
In  India  the  changes  are  so  regular,  and  the  winds  so  steady, 
tiiat  in  early  times  sailing  vessels  went  there  in  summer  and 
left  in  winter,  in  order  to  have  lair  winds  botli  ways. 

All  continents  show  some  tendency  toward  the  development  ot 
monsoon  winds;  but  in  most  cases  other  winds  are  too  well  estab- 
lished for  the  monsoons  to  develop  perfectly.  For  example,  the 
regular  winds  of  northeastern  United  States  are  from  the  west ; 
but  they  are  much  steadier  in  winter  than  in  summer  (Figs.  409, 
410).  The  reason  for  this  is  that  in  winter  the  outflow  of  cold  air 
from  the  land  strengthens  the  west  winds,  while  in  s«mmer  the 
inflow  of  cool  air  from  the  ocean  weakens  them ;  but  the  summer 
inflow  is  not  strong  enough  to  completely  destroy  the  west  wind 
movement  and  form  regular  monsoons. 

Snmmuy.  —  ifonsoon  windu,  best  developed  in  Asia,  are  due  to 
the  inflow  of  air  from  the  ocean  to  Ike  tcarmer  land  in  summer,  and 
the  outflow  of  air  from  the  cold  land  in  winter. 
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177.  Wind  Systems  of  the  Earth.  —  Even  greater  air  move- 
ments than  those  just  described  are  caused  by  differences  in 
temperature  between  the  warm  tropical  belt  and  the  cooler 
zones  north  and  south  of  it.     The  winds  thus  started  affect 
SUM  all  zones,  all  continents, 

and  all  oceans. 

(A)  Compariaon  with  a 
Stove.  —  III    certain    re- 
spects this  great  circula- 
tion may  be  compared  to 
the  movements  of  air  in  a 
room  heated  by  a  stove. 
The  air  around  the  stove 
is  warmed,  and  the  cooler, 
heavier  air  in  other  parts  of  the  room  crowds  in  and  pushes 
the  warm  air  upward.     There  is,  therefore,  (1)  a  movement 
toward  the  stove;  (2)  a  rising  above  it;  (3)  an  upper  cur- 
rent away  from  it;  and  (4)  a  settling  at  a  distance  from  it. 
Because  of  the  heated  belt  of  the  tropical  zone  there  are 
similar  movements  on  tlie  earth  (Fig,  406).     These  are  (1)  a 
movement  of  air  along  the  surface  toward  the  equator;  (2)  a 
rising  in  the  torrid  zone;  (3)  an  upward  movement  away 
from  this  zone;  and  (4)  a  settling  north  and  south  of  it. 

Summary.  —  Both  in  a  room  heated  hy  a  stove,  and  on  the  earth, 
warmed  in  the  torrid  zone,  there  m  a  movement  of  air  totcard  the 
warm  place,  a  rising,  an  outflow  above,  and  a  settling. 

(B)  Effect  of  Rotation.  — While  air  currents  in  a  room 
move  straight  toward  the  stove,  the  winds  of  the  earth  are 
gradually  turned  from  a  straight  course  by  the  influence  of 
the  earth's  rotation.  Currents  of  air,  like  water  (p.  191), 
are  turned,  or  deflected,  in  the  northern  hemisphere  toward 
the  right,  in  the  soutliern  toward  the  left.  This  effect  of 
rotation  is  therefore  called  rtfiht-hand  deflection  in  the  north- 
em  hemisphere,  and  left-hand  deflection  in  tlie  southern. 


Via.  40T.  —  Isobara  (linea  ot  eqnal  pressare)  for  the  woFld.  The  daik  Bhtidiiig 
TepreseDU  high  pi¥!Wiire.  The  fiKurea  (29.S5  for  eiample)  are  Inches  to 
which  the  mercury  in  a  barometer  nuen,  being  highest  where  the  sir  pressure 
Is  gTeat«sL  la  the  dark  zones  of  high  pressure,  the  horse  latitude  belt,  air  is 
■ettliug:  It  moves  thence  tonard  the  low  pressure  belt  of  the  warm  l«n1d 
zone,  forming  the  trade  winds,  and  toward  the  low  pressure  areas  near  the 
poles,  forming  the  prevailing  westerlies. 


m 

'III. 
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Stunmary.  —  The  effect  of  tke  earth's  rotation  turns  winds  totoard 
the  rigid  {right-hand  dejtectioti)  in  the  northern  hemisphere,  and 
toward  the  lefi  (left-hand  dejleclion)  in  the  southern. 

(C)  Belt  of  Calms.  —  In  the  torrid  zone,  where  the  air  is 
rifiiag,  there  is  little  wind,  because  the  air  movement  is 
vertical  (Fig.  406)  instead  of  horizontal.  This  is  a  region 
of  baffling  calms,  sometimes  called  the  doldrums,  Bometimes 
the  belt  of  calms  (Figs.  408-410).  This  belt  does  not  remain 
stationary,  but,  as  the  belt  of  greatest  heat  changes  position 
with  the  season  (Figs.  439,  440),  migrates  northward  and 
southward. 

Summary.  —  Where  the  air  is  rising,  in  the  torrid  zone,  there  is  a 
region  of  calms  which  changes  position  with  the  season. 

(D)  Trade  Winds.  —  The  air  currents  that  raove  toward 
the  belt  of  calms,  known  as  the  trade  winds  (Figs,  406,  408- 
410),  blow  with  great  steadiness,  especially  over  the  ocean. 
Indeed,  islands  in  the  trade-wind  belts  commonly  have  steep, 
wave-cut  cliffs  on  the  windward  side,  against  which  the  surf 
la  ever  beating.  Instead  of  blowing  directly  from  the  north 
in  the  northern  hemisphere,  and  from  the  south  in  the  south- 
ern, the  trades  are  deflected  by  the  influence  of  rotation, 
becoming  northeast  winds  in  the  northern  hemisphere  and 
southeast  in  the  southern.  These  are,  therefore,  called  the 
northeast  trades  and  southeast  trades  respectively. 

As  the  belt  of  calms  migrates  northward  and  southward 
each  season,  the  trade  winds  also  change  position,  being 
farther  north  in  summer  than  in  winter.  For  this  reason, 
places  near  the  border  of  the  trade-wind  and  calm  belts  have 
alternate  seasons  of  ealms  and  trade  winds  (Figs.  439,  440). 

The  reason  why  the  monsoons  are  best  developed  in  Asia 
(p.  256)  is  the  nearness  of  the  belt  of  ealma.  The  winter  out. 
flow  of  cold  air  strengthena  the  northeast  trades ;  but  in  summer, 
when  the  belt  of  calms  has  migrated  northward  to  the  land,  the 
southeast  trades  extend  across  the  equator  to  the  land.     That  is, 
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in  summer  the  land  is  so  warm  that,  in  this  region,  the  southeast 

trades  are  strengthened  and  the  northeast  trades  destroyed. 

Summary. —  The  Meady  Ttiovement  of  air  toward  the  torrid  zone 
forms  Uie  trade  winds,  which,  dejteded  by  rotation,  blow  from  the 
northeast  in  the  northern  hemisphere  and  tite  southeast  in  the  south- 
ern.    These  belts  migrate  northward  in  summer,  southward  in  winter. 

(E)  Antitrades.  — The  iiir  that  risea  in  the  belt  of  calms 
flows  northward  and  southward,  high  above  the  earth  (I'ig. 
406).  Turned  by  the  influence  of  rotation,  theae  upper  cur- 
rents, or  antitraiJea,  move  from  the  southwest  in  tlie  nortliern 
hemisphere  and  from  the  northwest  in  the  southern  hemi- 
sphere; that  is,  opposite  in  direction  to  the  lower  trade, winds. 
The  movement  of  higher  clouds,  and  of  ash  erupted  from  vol- 
canoes, proves  this.  On  hijjh  peiiks  which  rise  above  the  trade 
winds,  as  in  the  Hawaiian  Islands,  the  antitrades  may  be  felt. 
Summary.  —  The  outflow  of  air  that  rises  in  the  belt  of  calms  i> 
known  as  the  antitrades,  wfticA  blow  above  tlte  trades. 

(F)    Prevailing    Westerlies. 
—  On    its    way    toward    the 
poles   some  of  the  upper  air 
settles    to    the    surface,    but 
much    continues   on   to   high 
""     latitudes.      There    is,    there- 
fore, a  movement  of  air  from 
a  broad  belt  in  the  torrid  zone 
toward  the  small  area  around 
each   pole.      It  may  be  com- 
pared   to    the    movement    of 
Via.  411.  -  Woal  circnlatlon  of  air      water  toward  the  small  outlet 
near  the  Bur face  lu  the  gouthem         ,  i_      i.      ■  t         -• 

hemiHphere.     Trade  =  ttade-wind        Of     »     ^ash      baSlD.  In      itfl 

belt.     H,  //=  horse   latitudes,     attempt  to  reach  this  outlet 
c.  H'.-eircumpoiiir  whirl.  j^,^^  water  Commences  to  whirl 

about  it;  and,  in  a  similar  way.  the  air  forms  a  whirl  about 
each  pole  known  as  tlie  dreumpolar  whirl  (Fig.  411^. 
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The  direction  that  this  whirl  of  air  takes  is  determined  by 
the  inQueuce  of  rotation;  that  is,  the  air  currents  are  turned 
toward  the  right  in  the  northern  hemisphere  and  toward  the 
left  in  the  southern.  This  causes  winds  from  a  westerly  direc- 
tion in  eiich  hemisphere.  Therefore  these  wind  belts  are  called 
the  prevailing  weiterlieg  (Figs.  406, 408-411).  They  cover  the 
greater  part  of  the  two  temperate  and  the  two  frigid  zones. 

These  winds,  as  well  as  the  others,  are  interfered  with  by  various 
causes.  For  example,  they  are  often  strongest  during  the  day,  be- 
cause of  differences  in  pressure,  caused  by  the  warmth  of  the  sun. 
When  the  sun  sets  the  wind  often  dies  down.  Storms,  sea  breezes, 
and  the  effects  of  topography,  such  as  the  influence  of  valleys,  also 
interfere  with  the  force  and  direction  of  the  winds. 

Winds  are  commonly  less  steady  and  strong  on  land  than  on 
water.  The  reason  for  this  is  that  the  roughness  of  the  land,  and 
its  differences  in  temperature,  interfere  with  their  movement. 
Since  in  the  southern  hemisphere  there  is  so  little  land  to  inter- 
fere with  the  regular  winds,  the  prevailing  westerlies  are  better 
developed  there  than  in  the  northern  hemisphere  (Figs.  408-411). 
Indeed,  in  the  great  Southern  Ocean,  a  vessel  can  sail  eastward 
around  the  earth  with  prevailing  fair  winds. 

There  is  so  much  land  in  the  northern  hemisphere  that  the 
westerlies  are  greatly  interfered  with ;  but  high  in  the  air,  above 
the  influence  of  the  surface,  they  blow  with  great  strength  and 
steadiness.  Any  one  can  prove  this  for  himself  by  watching  the 
upper  clouds  and  noticing  how  uniformly  they  move  eastward, 
even  when  the  wind  at  the  surface  is  from  the  opposite  direction. 

Summary.  —  Some  of  the  air  of  the  antitrades  continuea  on,  form- 
ing the  circiimpolar  ichirU.  Turned  by  the  influence  of  rotation,  these 
winds  blow  from  westerb/  directions  in  botli  hemispheres,  forming  the 
prevailing  weslerlieg.  They  are  better  dexeloped  over  the  Soufliem 
Ocean,  and  high  in  the  air,  than  at  the  surface  of  the  noiiheni  hemi- 
sphere, where  they  are  interfered  with  by  irregular  land  and  by  local 
winds. 

(G)  Horse  Latitudes. —  Between  the  trades  and  westerlies, 
in  each  hemisphere,  there  is  a  belt  known  as  the  horse  latitudes. 
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in  which  the  air  of  the  antitrades  is  steadily  settling  (Figs.  406, 
407).  Since  the  air  movement  is  vertical,  this  is  a  belt  of 
relative  calm,  with  irregular,  unsteady  winds,  quite  in  contrast 
to  the  steady  trades  on  one  side  and  west  winds  on  the  other 
(Figs.  408-410).  Aa  the  belt  of  calms  and  the  trade-wind 
belts  migrate  northward  and  southward  with  the  seasons 
(p.  259),  the  horse  latitude  belts  also  shift. 

Summar;.  —  The  horse  latitudes  are  belts  (one  in  each  hemi^Jiere) 
of  relative  calm,  tvliere  tlie  air  of  t!ie  antitrades  is  eettling. 

STORMS" 
178.  Cyclonic  Storms.  —  (A)  Oharacterittict.  — The  United 
States  weather  map  (Fig.  413)  shows  an  area  where  the  air 
pressure  is  light.  It  is,  therefore,  called  a  low  pressure  area, 
or  a  Low  (p.  255).  Around  this  center  of  low  pressure  the 
mercury  in  the  barometer  stands  higher,  and  this  fact  is  indi- 
cated by  lines  of  equal  pressure,  or  isobars.     Air  is  moving 

■IIOXII  CUmM  CIKRUl  CLOUM 
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from  all  directions  toward  the  low  pressure  area.  Next  day 
(Fig.  414)  the  Low  has  moved  eastward ;  but  winds  still  blow 
toward  it,  and  around  its  center  rain  falls.  This  area  of  low 
pressure  is  known  as  a  cyclonic  storm.  The  following  day  the 
storm  has  moved  still  farther  east  (Fig.  415),  and,  if  we 
should  continue  to  follow  it,  we  could  trace  it  out  into  the 
Atlantic,  and  possibly  even  across  northern  Europe  into  Asia. 
Summary. — A  cyclonic  storm,  is  an  area  of  low  air  pressure 
toward  which  winds  blow  from  all  directions,  and  in  which  rain  falls. 
Such  storms  move  eastward. 

1  See  also  Appendix  H,  and  pp.  2: 


:o.  413.  —  Chart  to  shoir  weatber  condltloni.  Jantuw;  7,  H 
lines;  Iwtbeiini  dott«d ;  nind'e  direction  ladlckted  by  &i 
■haded.    Compare  with  Figs.  414  and  415. 


I.  4U.  —Weather  map  for  next  day,  JaDoary  8, 1893.    Path  pnraoed  b;  stonn 
center  indicated  by  chain  ot  arrows. 
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(B)  Anticyclonet. —  West  of  the  cyclonic  storm  (Fig.  414) 
i  an  area  of  tiigh  pressure  (marked  High),  from  which  winds 


^'■--ff  -*  —- 
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blow  outward  iu  all  directions,  wliile  the  sky  is  clear  and 
no  rain  falls.  Such  a  high  pressure  area  is  often  called  an 
anticyclone,  because  in  it  conditions  are  the  reverse  of  those 
in  cyclones.  Anticyclones  move  eastward  as  cyclonic  storms 
do,  even  crossing  the  Atlantic. 

Stunnuiy.  —  Anticydones  are  areas  of  high  pnimire  vritk  oat' 
ward  Uovsing  winds  and  dear  sky.     They  also  move  eastward. 

(C)  SucceBBton  of  CycloneB  and  Anticyclones.  —  Almost 
every  weather  map 
shows  similar  areas 
of  high  and  low 
pressure  (see  Figs. 
448-453).  At  intei^ 
vala  of  from  three 
to  seven  days,  places 
in  nortliem  United 
States  are  liable  to    SSw 

be  visited,  in  fairly  Fia.418,  — Diagram  showing  charge  ot  pre«sure  (or 
regular   succession,  Beven  BOccesslTa  days  at  Ithaca,  N.Y.     Figure* 

hv  two  low  nPB«wiirft  '"  's"'^'  column  indicaM  Incbea  and  toDths  ol 

Dy  two  low  pressure  ^^^^^^^  ,,  n,ere«ry  in  the  barometer.    The  two 

areas   with    a   high  dtopa  Id  the  carve  were  caused  br  the  passage  ol 

between  (Fig.  418).  *"" ''"'  p"*""*  '""■ 

The  passage  of  these  areas  is  readily  observed  by  watching 
the  rising  and  failing  o£  the  barometer,  or  by  observing  the 
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weather.  Cloudy  weather,  rain,  and  high  temperatures 
usually  accompany  the  lows,  and  clear,  cool  or  cold  weather, 
the  highs ;  while  the  wind  direction  varies  as  these  areas  pa»s. 

These  high  and  low  pressure  areas  follow  several  paths  (Fig. 
416).  Most  of  them  originate  either  in  the  northwest  or  south- 
west, but  some  reach  tlie  country  from  the  Pacific.  In  either 
case,  they  move  toward  the  east,  iisnally  crossing  the  Great  Lakes 
region,  going  down  the  St.  Lawrence,  and  then  out  to  sea.  The 
centers  move  500  to  1000  miles  a  day. 

Not  all  low  pressure  areas  are  true  storms,  for  those  in  which 
the  pressure  is  not  very  low  have  light  winds  and  little,  if  any, 
rain.     These  poorly  developed  low  pressure  areas  sometimes  die 
out  eatirely ;  in  other  eases  they  rapidly  develop  into  vigorous 
storms.     It  is  such  irregularities  as  these  that  make  storm  predic- 
tion uncertain ;  but,  because 
they  usually  follow  regular 
courses,  most  storms  can  be 
accurately  predicted. 

Summary.  —  Cyclonic 
storms  and  anticiidoiies  ws«- 
aily  develop  in  the  northwest 
or  sotithn-esl,  b»t  often  come 
from  the  Pacijic;  passing 
eastward  across  the  country 
in  fairly  regular  succession. 

-^ =^l^^-~--sT-J:^:^_:J:^-    r;-,  i^        (D)  Cause   of  Cydonie 

' --'i'^Z^^&S  -^^^r —Zi"~~~^    Storms.  —  Cyclonic 

~     ''~'  "  ^       '  storms   are    great   eddies 

in  the  prevailing  wester- 
lies, and  they  occur  both 
in  the  northern  and  south- 
ern   hemispheres.      They 
may  he  compared  to  the  eddies  in  a  river  (Fig.  419),  that 
move  downstream  with  the  current  at  tlie  siime  time  that 
water  is  whirling  from  all  directions  toward  their  centers. 
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In  the  same  way,  while  the  storm  whirls  are  moving  east- 
ward with  the  prevailing  westerlies,  the  air  in  them  is  eddy- 
ing from  all  sides  toward  their  centers. 

Why  these  eddies  develop  is  not  certainly  known.  One  theory 
is  that  they  are  started  by  the  wanning  of  air  in  some  place,  caus- 
ing it  to  be  light  and  therefore  to  rise,  as  air  rises  over  a  stove. 
Opposed  to  this  theory  is  the  fact  that  these  storms  are  most  com- 
mon and  best  developed  in  winter,  when  heat  is  least  likely  to 
cause  low  pressure  areas. 

Another  theory  is  that  the  highs  and  lows  are  air  waves  started 
in  the  westerlies.  ■  The  regularity  with  which  they  come,  their 
strength  in  winter  when  the  west  winds  are  best  developed,  and 
other  facts,  point  to  this  as  tlie  more  probable  explanation.  In 
either  case,  whether  the  air  is  wanned,  or  whether  it  is  caused 
to  rise  and  fall  in  waves,  one  part  will  have  a  lower  pressure 
than  another,  and  toward  it  air  will  flow,  starting  a  whirl. 

Samtnary- — Gydonic  storms  are  eddies  in  the  prevailing  wester- 
lies, with  air  whirling  toward  their  centers  from  all  sides.  These 
eddies  are  low  pressure  areas,  caused  either  by  the  warming  of  air 
or,  more  probably,  by  air  waves  started  in  the  westerlies. 

(E)  Influence  of  Cyclones  and  Anticyclones  on  Weather.  — 
WINDS.  (See  also  p.  289.)  During  the  passage  of  high  and 
low  pressure  areas  the  wind  changes.  On  the  east  side  of  a 
storm  the  wind  is  from  an  easterly  quarter,  on  the  south  side 
from  the  south,  and  between  the  cyclone  and  the  anticyclone, 
from  the  west.  The  winds  do  not  move  along  straight  lines 
toward  the  center,  but  are  turned  by  the  effect  of  rotation  so 
that  they  blow  spirally;  and  if  the  differences  in  pressure  are 
considej'able,  they  blow  with  great  force.  Near  the  center 
the  air  rises  (Fig.  412);  but  in  an  anticyclone  it  is  steadily 
settling  (Fig.  417). 

TEMPERATUKE.  With  these  variations  in  wind  direction 
the  temperature  also  changes.  Air  from  the  south  ia  warm, 
from  the  north,  cool  or  cold.  The  settling  air  of  the  anti- 
cyclones brings  to  the  earth  some  of  the  cool  upper  air.     For 
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these  reasons,  when  low  pressure  areas  pass  over  a  region 
there  is  usually  hot,  humid  air  in  summer,  and  damp  air 
and  rising  temperature  in  winter.  But  when  the  high  pres- 
sure areas  approach,  the  air  becomes  clear  and  cool  in  sum* 
mer,  and  cold  in  winter.  Radiation  through  the  clear  air 
of  an  anticyclone  cools  the  ground  far  more  than  through 
the  humid,  cloudy  air  which  mantles  the  earth  during  the 
passage  of  a  low  pressure  area. 

RATN.  When  air  is  settling  it  ia  growing  warmer,  and, 
therefore,  its  vapor  does  not  condense.  Consequently  anti- 
cyclones cause  periods  of  dryness.  In  cyclonic  storms,  on  the 
other  hand,  the  rising  air  is  becoming  cooler,  and  its  vapor 
is  condensing,  forming  clouds  and  rain.  The  cloudy  and 
rainy  portions  of  a  well-developed  cyclonic  storm  may  cover 
an  area  with  a  diameter  of  over  1000  miles. 

There  are  two  other  important  reasons  for  rain  in  these  storms : 
(1)  those  winds  which  are  blowing  from  the  south  ate  steadily 
adrancing  toward  a  cooler  region ;  (2)  in  some  places  the  air  is 
forced  to  rise  over  highlands,  like  the  Appalachians  and  New 
England.  If,  in  either  case,  the  aii  cools  until  it  reaches  the  dew 
point,  some  of  it-s  vapor  condenses. 

In  central  and  eastern  United  States  the  rain-bearing  winds  of 
cyclonic  storma  are  mainly  from  the  south  and  east  Winds 
from  these  quarters  bear  vapor  from  the  ocean,  and  those  from 
the  south  are,  in  addition,  blowing  toward  cooler  regions.  In  New 
England,  well-developed  cyclonic  storms  are  commonly  called 
■northeast  storms,  because  of  the  damp  ocean  winds  then  blowing 
from  that  quarter  toward  the  center  of  low  pressure. 

When  vapor  condenses  to  form  clouds  and  rain,  the  so-called 
"latent  heat"  (p.  238)  is  liberated,  and  this  helps  warm  the  air. 
It  is  partly  for  this  reason  that  storms  commonly  increase  in  vio- 
lence in  passing  over  the  Great  Lakes  and  the  ocean ;  for  in  these 
places  more  vapor  is  provided,  and  the  heat  from  its  condensation 
causes  lower  pressure  and,  therefore,  a  more  rapid  inflow  and 
rising  of  air.  A  cyclonic  storm  has  been  called  a  great  engine^ 
furnishing  some  of  its  own  energy  as  the  vapor  condenses. 


Fta.  430. — PboU^Kph  of  a  totnado  at  Ht.  HottU,  HI. 


—  Aw»l«rapoatoff  Hutluu  Ylneyard,  Hau. 


Fia.  422.--Dattnictlon  dooe  by  the  tornado  M  Mt.  MoitIb  (Pig.  430).  In  tho 
Toof  of  the  npp«r  f  gure,  notico  tbe  lathi  drlvea  through  boards  b;  the  lorao 
of  the  wtnd. 
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Fio.  423.  —  Pbotogiapli  of  a  distsat  thauder  atorm. 


Suramary. — 

Aa  high  and  low 

pressure    areas 

pass,    the    toinds 

vary  in  direction, 

the  lows  bringing 

icarm  air,  clouds, 

and       rain,      the 

highs    cool,    dear 

air   settling  from 

oiqft.      The   rain 

of  cyclonic  storms 

ia  caused  (i)  by 

the  rising  of  air, 

(S)  by  its  passage 

from  warmer  to  cooler  regions,  and  (S)  by  its  rising  over  higklartds. 
Tlie  heat  liberated  by  condens- 
ing vapor  causes  (Ae  air  to  rise 
with  increasing  energy,  and, 
therefore,  over  water  storms 
increase  in  vigor. 

179.   Thunder  Storms 
and     Tornadoes.  —  (A) 
Thunder    Storms.  —  These 
are  local  storms  which  de- 
velop in  low  pressure  areas, 
usually  in  the  southern  por- 
tion   where    warm,   humid 
air  is  slowly  moving  from 
the  south.     On  such  mug- 
gy, oppressive  days  the  air 
is   not   rising  fast  enough 
to  form  a  blanket  of  clouds; 
Ftu.  424.  — Part  af  a  weather  map,  July      t)Ut,      aS      the      ground      Is 
16. 1891  Showing  a  low  preasare  area     warmed  during  tHe  day,  the 
with   thunder  Btorms  (indical«d   by      ,         .,..     °        ,  i 

MTowH)  ia  lu  ioutheiu  part.  bumtd  air  nses,  and  patches 
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of  cumulus  clouds  appear  (p.  248).  As  the  day  passes  these 
grow  lai'ger  and  darker,  rising  as  masses  of  rolling,  suigiug 
cloud,  perhaps  a  full  mile  above  the  level  base. 

Rain  finally  falls  from  these  clouds,  and  thunder  and  light- 
ning are  produced.  The  lightning  is  an  electric  spark,  pass- 
ing from  cloud  to  cloud,  or  from  the  clouds  to  the  earth,  the 
electricity  being  produced  when  the  air  currents  are  swirling 
violently  about  and  the  vapor  rapidly  condensing.  Thunder 
is  the  noise  caused  by  the  spark,  and  its  rolling  is  the  result 
of  echoes  among  the  clouds. 

Thunder  storms  are  often  small,  perhaps  only  a  few  hundred 
yards  in  area;  but  sometimes  they  are  50  to  100  miles  long,  15  to 
25  miles  broad,  and  3  to  5  miles  high.  They  travel  eastward  in 
the  west  winds  at  the  rate  of  20  to  50  miles  an  hour,  and  may  last 
from  2  to  10  hours  before  dying  out.  The  rain  is  heavy,  the  winds 
often  strong,  and  the  lightning  destructive.  On  the  borders  of 
thunder  storms,  hail  frequently  falls  (p.  250), 

Thunder  storms  occur  iu  other  places  where  warm,  humid  air  is 
rising  to  a  level  at  which  its  vapor  rapidly  condenses.  For 
example,  they  are  of  almost  daily  occurrence  in  the  belt  of  calms. 
Around  mountains,  too,  as  the  air  rises  on  a  hot  day,  clouds  often 
gather  and  develop  into  thunder  storms.  In  arid  lands  these 
storms  are  sometimes  accompanied  by  so  rapid  condensation  of 
vapor  and  so  heavy  rain  that  they  are  called  "cloudbursts," 

Summary.  —  Tliiinder  storms  are  caused  bj/  the  rising  of  warm, 
kmnid  air  in  low  pressure  areas,  vsualbj  in  the  soiUhem  portion  ;  tlieij 
are  over-developed  cumulus  clouds.  Tliey  also  occur  in  Ike  belt  of 
caJms,  and  where  air  ia  rising  around  mountains. 

(B)  Tornadoes. — Tornadoes  (Fig.  420)  develop  in  the 
southern  portion  of  low  pressure  areas  under  conditions  simi- 
lar to  those  causing  thunder  storms.  The  warm,  humid,  lower 
layers  of  air,  brought  by  south  winds,  have  above  them  cooler 
layers  moving  from  the  west.  As  the  lower  air  warms  and 
rises,  a  whirl  starts  around  the  center  of  rising,  and  the  winds 
blow  with  great  force.    Like  thunder  storms,  tornadoes  often 
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occur  in  groups,  perhaps  a  score  or  more  developing  at  one 
time,  and  not  very  far  apart.  Heavy  rain  and  hail  fall  at 
the  margin  of  the  whirl,  and  thunder  and  lightning  occur. 

The  winds  of  the  tornado  whirl  are  so  strong  that  houses  are 
overturned,  heavy  bodies  picked  up  and  carried  long  distances, 
trees  uprooted,  and  paths  cut  through  the  forest  In  the  center  of 
the  whirl  there  is  a  partial  vacuum,  and,  as  it  passes,  the  air  inside 
of  houses  expands  with  such  force  as  to  blow  out  the  windows,  and 
even  the  walla.  The  path  of  great  destruction  is  only  a  few  score 
yards  wide,  though  it  may  reach  a  length  of  several  miles  before 
the  tornado  dies  out.  Although  the  passage  of  a  tornado  lasts  but 
a  minute  or  two,  its  work  of  destruction  is  so  complete  (Fig.  422) 
that  tornadoes  are  much  dreaded  j  and,  in  regions  visited  by  them, 
holes,  called  "  cyclone  cellars,"  are  made  in  the  gjound  for  shelter. 

Fortunately  tornadoes  do  not  occur  everywhere.  They  are 
especially  abundant  in  the  Mississippi  valley.  In  that  level,  open 
country  it  is  easily  possible  for  warm,  humid  air  from  the  Gulf  of 
Mexico  to  slide  in  under  the  cooler,  upper  air  and  thus  bring 
about  the  unstable  conditions  which  are  so  favorable  to  tornado 
formation.  They  do  not  develop  in  arid  countries,  because  the 
air  is  not  humid  enough ;  nor  are  they  common  in  mountainous 
or  hilly  lands,  because  the  irregular  surface  causes  a  mixture  of 
warm  and  cool  air  layers.  "  They  rarely  occur  east  of  the  northern 
Appalachians. 

Summary.  —  Warm,  humid  air,  (peeping  under  cooler  layers  in 
the  southern  part  of  low  pressure  areas,  especially  on  the  level  plains, 
causes  an  unstable  condition  ;  and  at  times,  a»  the  air  Hses,  the 
in-moving  winds  atari  a  violent  whirl,  forming  a  tornado. 

(C)  Waterspoutt.  —  At  sea  conditions  favoring  tornadoes  produce 
waterspouts  (fig-  421).  In  their  center  the  water  is  raised  in  a  low 
cone,  and  some  salt  water  is  actually  carried  up  into  the  spout. 

Summary.  —  Waterspouts  are  tornadoes  at  sea. 

180.  Hurricanes  and  Typhoons.  —  Very  violent  storms, 
known  in  the  Pacific  as  typhoons,  and  in  the  Atlantic  as  hur- 
ricanet,  develop  in  the  tropical  zone  and  move  into  the  temper- 
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ate  zones.  On  passing  into  the  cooler  temperate  zones  they 
become  larger  and  less  violent,  and  then  closely  resemble 
cyclonic  storms.  The  path  followed  by  the  Atlantic  hur- 
ricanes is  usually 
across  the  West  In- 
dies, off  the  coast 
of  the  southern  At- 
lantic States,  then 
out  to  sea,  curving 
eastward  under  the 
influence  of  the 
earth's  rotatioQ. 
Sometimes  they  de- 
part from  this  course 
(Fig.  427),  visiting 

Fi<i.42a.  — Dlagramotahurrlcane.sbovingdlrec-      the    Gulf    coast    and 

tloD  of  movement  (long   arrow),  nia  area      even  the  Great  Lakes. 

ifr.lTclipTc.'^'"'''  "'''^""  '"'^"* '°'  '"^'"    The  typhoons  of  the 

Pacific    and    Indian 

oceans  have  various  courses,  some  of  those  in  the  northern 

hemisphere  pacing  over  the  Philippines. 

These  storms  start  by  the  rising  of  warm,  humid  air  in  the 
torrid  belt,  forming  a  whirl  similar  to  that  in  a  tornado, 
though  much   larger 
(Fig.    426).      They 
originate    on    the 
ocean  rather  than  on 
the  land,  because  the 
humid   air   over   the 
sea     supplies    much 
vapor,  which,  on  con- 
densing, liberates  heat  that  warms  the  air  and  causes  it  to 
rise  still  more  rapidly. 

The  pressure  is  very  low  in  the  center,  though  not  ap- 
proaching a  vacuum.     Toward  thia  center  violent  winds 
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blow  (Figs.  425-428),  often  with  such  force  as  to  overturn 
trees  and  houses.  Towns  have  been  devastated  and  many 
vesseU  lost,  as  at  Samoa  in  1889,  when  several  war  ships 
were  destroyed  during  a  typhoon.  Along  the  Atlantic  coast 
of  the  United  States  the  most  violent  storms  are  hurricanes, 
which  often  leave  the  coast  strewn  with  wreckage. 

Heavy  rains,  vivid  lightning,  and  loud  thunder  accompany  these 
stonnB.  With  them  also  travels  a  wave  of  high  water,  which,  ad- 
vancing on  low  coasts,  causes  much  destruction,  destroying  houses, 
towns,  and  life.  It  was  one  of  these  waves,  rising  over  Galves- 
ton, that,  together  with  the  winda,  caused  such  terrible  destruction 
in  1900,  killing  thousands  of  people  and  almost  destroying  the 
city  (Fig.  429).  Such  a  wave  is  due  to  two  causes :  (1)  drifting 
of  water  toward  the  storm  center  by  the  spirally  in-blowing 
winds  (Figs.  425-428) ;  (2)  rising  of  water  In  the  center  because 
the  weight  of  the  air  there  is  less  than  in  the  ring  surrounding  it 

Most  hurricanes  occur  in  late  summer  and  early  fall,  because 
then  the  belt  of  greatest  heat  is  farthest  north.  At  the  equator, 
winds  are  not  turned  by  the  influence  of  rotation;  but,  as  the  dis- 
tance from  the  equator  increases,  they  are  turned  more  and  more. 
Whirls  can  develop  only  when  the  winds  are  turned  to  one  side 
so  as  to  start  a  spiral  movement  around  the  center  of  rising. 
For  this  reason  hurricanes  cannot  start  at  or  near  the  equator ;  but 
they  can  start  in  the  hot  belt  when  it  has  migrated  some  distance 
from  it.  In  the  Korth  Atlantic  the  period  when  the  belt  of  calms 
is  farthest  from  the  equator  is  in  late  summer,  and  then  hurri- 
cane whirls  start  in  the  rising  air. 

Sommaiy.  —  Hurricanes  and  typhoons  are  vtoletU  tokirU,  ^artivg 
in  Ute  torrid  zone,  and  resembling  tornadoes,  though  larger  and  less 
violent.  They  start  over  the  ocean  because  of  tlte  great  amount  of 
vapor,  whose  condensation  supplies  heat  Khich  causes  more  rapid 
rising.  Their  fierce  winds,  and  the  water  wave  which  accompanies 
them,  cause  great  destruction.  They  occur  late  in  summer,  or  early 
in  autumn,  when  the  belt  of  calms  is  farthest  from  the  equator,  be- 
cause tJien  the  effect  of  rotation  can  defiect  the  winds  and  start  the 
spirai  movement  which  causes  the  whM. 
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Topical  Outline,  Questions,  and  Suooestions. 

Topical  Outlink.  — 173.  EeUtion  betweea  Winds  asd  Air  Prea- 
Bnre. —  Air  columns;  effuct  uf  heat;  low  pressure;  high  pressure; 
cause  of  wiucU;   barometric  gradient;   strong  winds. 

171.  Sea  and  Land  Breezes. —  Cause  of  sea  breezes;  eSects;  land 
breezes. 

175.  Mountain  Valley  Brecies — Movement  down  valleys;  up  r&llejs. 

17Q.  Monsoon  Winds.  —  Pliice  of  b^t  development ;  summer  monsoon ; 
winter  monsoon ;  impoitsiice  to  sailing  vessels  ;  reason  for  lack  of  devel- 
opment elsewhere ;  condition  in  northeastern  United  States. 

177.  Wind  Systems  of  the  Earth.  —  (A)  Comparison  tctlh  a  Store :  air 
movements  in  room  heated  by  stove  ;  on  earth.  (B)  Effect  of  Rolalion; 
righthand  deflection;  lefthand  deflection.  (C)  B(tl  of  Calms:  cause; 
doldrunis;  migration.  (D)  Trade  Winih:  steadiness;  deflection;  south- 
east trades;  northeast  trades;  change  in  position;  relation  of  Asiatic 
monsoons  to  trades.  (K)  Anfitrades:  upper  outflow;  direction  ;  proof  of 
existence.  (F)  Precaiiing  Wealerliai :  source  of  air ;  circumpolar  whirl ; 
effect  of  rotation;  prevailing  westerlies;  interference  with  winds ;  west- 
erlies over  Southern  Ocean;  in  i^orthern  hemispher«;  high  in  the  air. 
((i)  Horse  Latitudes :  location;  settling  air ;  condition  of  winds;  shifting 
of  belts. 

178.  Cyclonic  Storms.  —  (A)  Charaderlslieii :  low  pressure  area;  iso- 
bars; winds;  rain;  cyclonic  storm ;  movement.  (B)  Anticyclonen :  pres- 
sure; winds;  sky;  name;  movement.  (C)  Saccession  o/ Cgclonei  and 
Anticyclones!  regular  succession;  weather  changes;  places  of  origin 
paths;  weak  lows;  irregularities.  (D)  Caute  of  Cyclonic  Storms:  com- 
parison with  river  eddies;  theory  of  heat  origin  ;  theory  of  wave  origin 
relation  of  eddies  to  low  pressure.  (E)  Influence  of  Cyclones  and  Anti- 
cyclones on  Weather:  (a)  Winds, — variation  in  direction;  deflection; 
variation  in  force;  rising  air  in  lows;  settling  in  highs,  (b)  lempera. 
ture,  —  south  winds;  north  winds;  settling  air;  {>assage  of  lows;  of  highs: 
radiation,  (c)  Rain,  —  reason  for  dryness  in  highs;  eflect  of  rising  in 
lows;  other  causes  for  rain;  source  of  vapor;  northeast  storms;  eSect  of 
liberation  of  heat;  storms  over  water. 

179.  Thunder  Storms  and  Tornadoes.  —  (A)  Thunder  Storms:  place  of 
occurrence  in  low  pressure  areas ;  canse ;  growth ;  lightning ;  thunder ;  size ; 
path;  rate  of  movement;  occurrence  elsewhere;  cloudbursts.  (B)  Tor- 
nadoes: favoring  conditions;  the  whirl;  comparison  with  thunderstorms; 
effect  of  winds;  condition  in  cent^ir;  path;  time  of  passage;  cyclone 
cpIIrvs;  occurrence  in  Mississippi  valley;  absence  in  other  aectiona 
(C)  WaterspotOM. 

■ Ci-^ 
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180.  HnnlcaiiH  and  Typhooos.  —  Typhoons;  hurricanes;  places  of 
developrnttnt;  movement  into  temperate  zones;  paths  followed;  cause; 
reason  for  develop  men  t  over  the  sea;  accotupaaying  phenomena;  effects 
of  water  wave;  cau.se  of  wave;  time  of  occurrence ;  explanatiou  of  this. 

Questions.  — 17*1.  What  is  the  cause  of  wind?  What  is  barometric 
gradient?     When  are  winds  strong? 

174.  Explain  sea  breezes ;  land  breezes. 

175.  Kxplaiii  the  day  and  night  breezes  of  mountain  valleys. 

176.  Where  are  monsoons  best  developed?  Explain  them.  What  is 
the  condition  in  northeastern  United  States? 

177.  (A)  Compare  the  circulation  in  a  room  heated  by  a  stoTe  with 
that  of  the  earth.  (B)  In  what  direction,  and  why,  are  winds  turned 
from  a  straight  course?  (C)  What  is  the  condition  in  the  belt  of  calms? 
Why  does  it  change  position?  (D)  What  are  the  directions  of  the  trade 
-winds?  Why?  What  effect  has  the  migration  of  the  belt  of  calms? 
Why  are  the  monsoons  so  well  developed  in  Asia?  (E)  What  is  the 
direction  of  the  antitrades?  IIow  is  this  known  ?  (F)  What  is  the  cii^ 
cumpohw  whirl  ?  What  is  the  direction  of  the  winds?  Why?  What  are 
the  prevaiUng  westerlies?  What  interferes  with  the  regular  winds? 
How  do  the  westerlies  of  the  northern  and  southern  hemispheres  differ? 
(G)  What  are  the  conditionH  In  the  horse  latitudes?    Why? 

178.  (A)  Whatisalowpreasurearea?  What  are  isobars?  A  cyclonic 
storm?  State  its  characteristics.  (B)  What  are  anticyclones?  Contrast 
with  cyclonic  storms.  (C)  What  changes  accompany  the  highs  and 
lows?  What  paths  are  pursued?  What  irregularities  are  noticed?  (D) 
Compare  cyclonic  storms  with  eddies  in  a  river.  State  the  two  theories 
for  these  storms.  Wliat  facts  favor  one  rather  than  the  other?  (E) 
WTiat  is  the  nature  of  the  winds  in  high  and  low  pressure  areas?  What 
changes  in  temperature  occur  as  these  areas  pass  over  a  region?  What 
are  the  causes  of  rain  in  the  cyclonic  storms?  Why  do  storms  commonly 
increase  in  violence  when  passing  over  large  water  bodies? 

17fl.  (A)  Under  what  conditions  do  thunder  storms  appear  in  low 
pressure  areas?  Why?  What  is  the  lightning?  The  thunder?  What 
are  the  characteristics  o(  these  atorma?  Where  else  do  thunder  storms 
occur?  (B)  Under  what  conditions  do  tornadoes  develop?  What  are 
some  results  of  tornadoes?  Where  are  they  most  common?  Why?  Jn 
ivhat  situation  are  tornadoes  rare?     (C)   What  ai-e  waterspouts? 

180.  \Vhat  are  hurricanes?  Typhoons?  What  paths  do  they  follow? 
Why  do  they  start  over  tlie  sea?  What  destruction  do  they  accomplish  ? 
Give  instances.  What  destruction  is  done  by  the  water  wave?  What  is 
the  cause  of  thia  ware?  When  are  these  storms  most  common?  Why 
at  that  season  ? 
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SueaBSTiONS.  —  (1)  Recall  the  previous  experiments  on  conToction 
(Chapter  XII,  10).  (2)  Open  a  window  on  a  cold  day  when  no  wind 
is  blowing.  Why  does  the  cold  air  enter  the  room  ?  (8)  Keep  a  record 
of  the  wind  direction  for  twenty  days.  How  many  days  did  the  wind 
blow  from  each  of  the  four  quarters  (north,  east,  south,  and  west)  ? 
For  the  ssme  period  keep  a  record  of  the  direction  that  the  higher 
clouds  are  moving.  How  many  days  do  they  move  from  each  quarter? 
(4)  On  an  outline  map  make  a  sketch  of  the  winds  of  the  globe  simi- 
lar  to  Fig.  408.  Make  a  sketch  to  show  the  change  in  position  of  the 
belt  of  calms  (Figs.  Iit9,  440).  (5)  If  the  instruments  are  available, 
keep  a  record  of  the  wind  direction  and  force,  humidity,  temperature, 
clouda  and  rain,  and  barometric  preasure  (Appendix  G).  Tell  when 
cyclonic  storms  and  anticyclones  are  passing,  and  carefully  record  the 
relation  between  air  pressure  and  the  other  phenomena.  From  your  obser^ 
vations  predict  the  weather  for  the  following  day.  (6)  Stndy  weather 
maps  (AppendiiH).  (7)  With  apparatus  obtained  from  the  physics  labo- 
ratory make  an  electric  spark.  This  is  a  lightning  flash  on  a  small  scale, 
and  the  noise  is  thunder.  A  similar  flash  and  noise  may  often  be  noticed 
as  a  trolley  car  passes.  (8)  If  thunder  Htorms  occur,  keep  a  record  of 
all  the  phenomena  and  report  upon  them.  (U)  Read,  say  in  Hnrptr't 
Weekly  for  the  autumn  of  1900,  an  account  of  the  destmctiou  of  Galves- 
hm.  Be  on  the  outlook  next  fall  for  newspaper  reports  of  hurricanes  or 
typhoons;  also,  next  eummer,  for  reports  of  tornadoes. 

Hefeience  Books.  —  Harrington,  Rainfall  and  Snom  of  United  States, 
Bulletin  C,  U.  S.  Weather  Bureau,  Washington,  D.C.,  1891;  Ferr^l. 
Popular  Treatise  on  the  Wind,  Wiley  &  Sons,  New  York,  1888,  Jl.OO ; 
FiNLET,  Tornadoes,  Hine,  New  York,  1887,  ♦1.00.  (See  also  referonoes 
at  end  of  Chapter  XU.) 


n,gN.«j,-v  Google 


CHAPTER    XIV. 
WBATHSa   AND    CI.IMATB. 

181.  Difference  between  Weather  and  Climate.  —  Weather 
refers  to  daily  changes  in  temperature,  wind,  clouds,  and 
rain.  Climate  is  the  average  result  of  these  weather  changes. 
For  example,  certain  parts  of  the  tropical  zone  are  said  to 
have  a  rainy  climate.  This  does  not  mean  that  it  rains  every 
day,  but  that,  though  the  weather  on  some  days  is  clear,  on 
still  more  it  ia  i-ainy.  Thus  the  average  condition,  or  the 
climate,  is  rainy. 

The  following  are  some  of  the  more  important  kinds  of 
climate :  dry,  hot  desert  climates ;  hot,  rainy  climates,  as  in 
the  belt  of  calms;  damp,  equable  ocean  climates ;  extreme  and 
variable  climates,  common  in  the  interior  of  continents;  and 
frigid  climates.  The  greater  part  of  the  United  States  has  a 
variable  climate.  These  different  climates,  and  the  reasons 
for  them,  can  best  be  undeistood  by  studying  the  conditions 
in  various  parts  of  the  world. 

Summary.  —  Climate  is  Ike  average  of  weather,  which  ts  the  daily 
condilion  of  temperature,  wind,  clouds,  and  rain.  There  are  a  num- 
ber of  very  different  ciimates  on  the  earth. 

182.  Zones  of  Heat. — (A)  The  Five  Zones. —The  most 
widespread  cause  for  variations  in  climate  is  the  distribution 
of  sun's  heat  from'  equator  to  poles.  This  results  from  the 
differences  in  angle  at  which  the  sun's  raya  reach  the  earth 
in  different  latitudes  (p.   239).     From  this  has  arisen  the 

'  common  division  of  the  earth  into  five  climatic  zones,  — two 
frigid,  two  temperate,  and  one  torrid,  or  tropical  (Fig.  480). 
275  '^'' 
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It  IB  customary  to  draw  the  boundaries  between  these 
zooes  of  heat  along  the  parallels  of  latitude;  but  the  actual 
boundaries  are  by 
no  means  so  regu- 
lar. Indeed,  there 
are  some  portions 
,  of   the  torrid   zone 

that  have  as  low- 
temperature  as 
parts  of  the  frigid 
zones ;  and  some 
parts  of  the  tem- 
I>erate  zones  have 
summer  climates 
that  are  quite  tor- 
rid. Several  reasons 
for  these  irregulari- 
Fio.  430.  — Tha  five  loneB.  showing,  also,  how  on     ,■  .j.^      follnw- 

hlphlandB  a  (rigid  climate  may  eitand  even  into     *''®^  ^^  ^^^  lOilOW 
tbe  tropical  zoae.  illg  influences. 

Summary.  —  Ou-hig  to  the  angle  at  which  the  sun's  rays  reach  dif- 
ferent latilndes,  the  earth  may  be  dioided  into  Jive  zones ;  but,  for  a 
number  of  reasons,  the  actual  boundaries  of  the  zones  are  irregular. 

(B)  Influence  of  Altitude.  —  One  important  cause  for 
irregularities  in  the  boundaries  of  the  heitt  zones  is  altitude. 
The  climate  of  highlands  is  cooler  than  that  of  neighboring 
lowlands  (p.  240).  The  isothermal  charts »  (Figs-  431-434) 
show  numerous  cases,  as  in  the  Roclty  Mountains,  where  the 
isotherms  are  bent  toward  the  equator  in  crossing  highlands. 
The  influence  of  altitude  is  also  well  shown  along  the  Pacific 

'  An  iaotherm  is  a  Tine  connecting  places  having  the  game  averagt  tempera- 
ttire.  An  inolhermal  cknrt  is  one  sliowing  these  isntlierms  for  a  given  area 
(rs  the  world,  the  L'nlled  States,  or  a  stale)  for  a  certaiii  period  of  time. 
A  chart  tor  the  year  lias  isotlierniB  passing  through  places  whose  Kvenge 
leiiip«ralure  for  the  year  is  tlie  same ;  a  dutrt  for  January  averagee  all  the 
temperatures  for  that  period,  etc. 


Fio.  431. —  Isothermkl  cbart  ol  tbs  woild  foi  January. 


Fio.  433.  — bothermal  chart  of  UnlMd  SutUa  for  Januaijr. 


Flo.  431.— IsoUiemal  cbatt  ol  United  S.Utes  (or  ^147(^:10  |c 
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slope  (Fig.  433),  where  winds  from  the  equable  ocean  blow 
upon  a  rising  coast,  with  mountains  extending  north  and 
south.  Along  this  coast  the  climate  is  warm  and  equable; 
but  on  the  mountain  slopes  the  temperature  descends. 
Therefore  the  isotherms  extend  north  and  south  instead  of 
east  and  west,  as  is  commonly  the  case. 

Summary.  —  Highlands  are  cooler  than  nelghboriTig  lowlartds. 
Thereffnre  highlands  cause  llie  isotherms,  or  lines  conrtecllng  placet 
having  the  same  average  temperature,  lo  extend  irregularly. 

(C)  Influence  of  Water.  —  Distance  from  water  (p.  238)  is 
another  cause  for  variation  in  temperature.  Oceanic  islands 
have  cooler  summers  and  warmer  winters  than  the  mainland 
in  the  same  latitude  ;  and  seacoasts  have  more  equable  cli- 
mates than  interiors.  This  is  clearly  illustrated  by  compar- 
ing the  isotherms  in  the  interior  and  on  coasts  of  continents. 

Examine  Figs.  433  and  434,  for  example,  to  see  how  much 
difference  there  is  in  January  and  July  between  Minnesota,  the 
state  of  Washington,  and  Nova  Scotia.     Find  other  illustrations 


FialSO. — ToahowUieumii&lmeaji  (average)  rauiie  In  tMuperahue  for  tbe  world. 
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on  the  world  charts  (Figs.  431, 432),  Study  the  chart  of  tempera- 
tare  range  (Fig.  435)  to  see  where  there  are  great  aad  small 
ranges.  Contrast  the  range  over  the  Atlaiitic  with  that  over 
Asia  and  America ;  and  the  range  over  the  Southern  Ocean  with 
that  over  the  lands  of  the  northern  hemisphere. 

Summary.  —  Oceana  and  coasts  have  a  far  more  equcMe  climate 
than  the  interiors  of  continente. 

(D)  Influence  of  Winds.  —  The  influence  of  winds  in 
causing  irregularity  in  the  isotherms  is  best  illustrated,  on  a 
lai^e  scale,  where  winds  blow  from  water  upon  land,  aa  in 
northwestern  United  States  and  Europe  (Figs.  431-434). 
In  these  places  the  prevailing  west  winds,  influenced  by  the 
water  over  which  they  pass,  moderate  the  cold  of  winter  and 
the  heat  of  summer.  It  is  for  this  reason  that  in  western 
Europe  agriculture  thrives,  and  large  cities  are  found  in  lati- 
tudes that,  in  eastern  North  America,  are  frigid  and  almost 
uninhabited.  London  is  in  the  same  latitude  as  Bouthern 
Labrador,  and  St.  Petersburg  as  northern  Labrador.  For  the 
same  reason,  the  January  temperature  at  San  Francisco  is  the 
same  as  that  at  Charleston,  S.C.  (5°  farther  south),  while 
the  July  isotherm  is  that  of  Halifax  (6°  farther  north). 

Summary.  —  Prevailing  winds  influence  the  temperature,  the  most 
pronounced  influence  being  where  winds  from  the  ocean  prevail,  thus 
carrying  the  egui^te  temperatures  of  the  water  upon  the  land. 

(E)  Influence  of  Ocean  Ourrentt.  —  Ocean  currents  and 
drifts  bear  water  from  one  zone  to  another  (p.  193).  Winds 
blowing  over  these  currents  have  their  temperature  influenced, 
and,  blowing  upon  the  lands,  bear  to  them  some  of  the  warmth 
or  cold  brought  by  the  currents  from  other  zones. 

This  effect  of  ocean  currents  is  well  illustrated  in  the  I^orth 
Atlantic  (Figs.  320,  431,  432).  The  great  northward  bend  of 
the  isotherms  off  the  European  coast  shows  the  influence  of  the 
warm  west  wind  drift  (Fig.  338).  This  influence  is  least  notice- 
able in  summer  when  the  sun  has  warmed  tlie  surface  water.     OS 
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□ortheastem  JS'orth  America,  the  cold  Labrador  ourrent  bends 
the  isotherms  toward  the  equator.  Therefore,  the  isotherms  are 
crowded  together  on  the  American  coast  and  spread  apart,  fan- 
shaped,  on  the  European  coast  In  other  words,  there  are  much 
greater  differences  in  temperature  in  a  short  distance  in  eastern 
America  than  in  western  Europe.  Xutice  also  the  infiuenee  of 
ocean  currents  on  the  isotherms  along  the  west  coasts  of  the 
United  States,  South  America,  and  Africa. 

Sommarr, —  Ocean  currents  warm  or  cool  ike  air  over  ihem  ;  mov- 
ing an  winds  this  air  transfers  the  influence  of  the  currents  to  the  land. 
This  is  weli  illustraied  in  the  North  Atlantic 

(F)  Influence  of  Topography.  —  Hills  and  valleys  have  an 
effect  of  a  local  nature  on  climate.  Mountains  produce  far 
more  widespread  effects.  By  shutting  off  winds,  mountain 
barriers  influence  the  climate  of  places  behind  them.  Thus, 
while  the  Pacific  slope  of  United  States  has  an  equable  cli- 
mate, the  country  farther  east,  being  cut  off  from  ocean  wiads 
by  the  mountains,  has  hotter  summers  and  colder  winters 
than  the  coast  lands. 

The  subtropical  climate  of  Italy,  southern  Spain,  and  France 
is  partly  due  to  the  influence  of  topography.  The  ■watera  of  the 
Mediterranean  are  warm ;  the  Alps  and  other  mountains  shut  out 
the  cold  north  winds ;  and  they  interfere  with  south  winds  which 
might  bear  away  warmth  from  the  Mediterranean.  Therefore,  in 
this  region,  oranges  and  palms  grow  (Fig.  443)  in  the'  latitude  of 
Boston,  New  York,  and  other  places  in  the  United  States  which 
are  visited  by  killing  frosts  for  several  months  of  the  year. 

Snmmaiy.  —  HiUa  and  vaJleys  have  a  local  influence  on  climate, 
and  mountaim  far  greater  effects,  especicdiy  in  Cutting  out  winde. 

CLIMATIC  BELTS  OP  THE  TORMD  ZONE. 

183.  Belt  of  Calms  (Fig.  408).  — The  vertical  position  of 

the  sun  in  the  equatorial  belt  of  calms  (p.  259)  causes  the 

climate  to  be  hot  (p.  240).     This  belt  is  also  a  very  rainy 
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one  (Figs.  436-440,  444),  because  the  rising  air  soon  reaches 
an  elevation  where  its  vapor  condenses  (p.  268). 

The  weather  of  the  belt  of  calms  is  monotonously  uniforni. 

On  the  oceiin,  or  on  oceanic  islands,  the  air  grows  warmer  each  day 

after  the  sun  rises;  and  from  the  clouds  which  form,  and  which 

often   develop  into  violent   thunder  storms,  heavy  rain   falls. 

During  the  night  the  humid  air  is  still  warm,  for  there  is  not 

enough  radiation  to  cool  it.     Both  day  and  night  there  is  an 

absence  of  steady  winds,  and  sailing  vessels  are  often  becalmed 

for  days.    These  conditions  are  repeated  with  marked  regularity. 

The    daytime    tem^ratures 

arc  higher  on  the  land,  and 

winds  are  often  caused  by 

differences   in   temperature, 

for  example,  along  the  coast 

where  sea  breezes  blow  (p. 

256). 

The  rainfall  is  so  heavy 
that  dense  forests  thrive  on 
the  land,  and  the  air  within 
these  is  reeking  with  mois- 
ture. So  warm  and  damp  is 
the  climate  that  it  is  difhcult 
to  work ;  the  clearing  away 
F.o.436.-Kaintalldfc«lm«ndt™d».wmd  »*  vegetation  for  planting  is 
belts  of  America.  Such  a  task  that  it  IS  rarely 

undertaken ;  and,  in  fact, 
there  is  little  need  for  doing  so,  since,  with  little  labor,  the  forest 
plants  yield  abundant  food.  For  these  reasons  the  tropical  forest 
is  inhabited  by  races  depending  directly  upon  nature  for  food, 
who,  having  little  ambition  for  improving  their  condition,  have 
made  little  progress  toward  civilization. 

Summary.  —  Thp.  belt  of  caJms  hat  a  hot^  humid  climate  with  a 
general  absence  of  n-inds.  The  heat  and  humidity  cause  a  rank 
growth  of  tropical  forest,  b<it  discourage  progress  among  mankind. 

184^  Rainy  Trade-wind  Belts.  —  To  the  north  and  south  of 


WEATHER  AND  CLIMATE.  281 

the  belt  of  calms  the  trade  winds  (p.  259)  blow  toward 
warmer  regions.     Vapor  is  therefore  conBtantly  rising  into 
them,  because,  the  warmer  the  air,  the  more  vapor  possible 
(p.    244),      So   much    fresh   water   is   thus   removed   that 
the    sea  is  made  more   salt 
(p.    181)    where    the    ti-ade 
winds    blow.     These    winds 
bear  Buch  quantities  of  vapor 
that,   when   they   blow   over 
rising    land,  where  the    air 
rises  and  cools,  vapor  is  con- 
densed.     East-facing  coasts, 
t^ainst  which  the  trade  winds 
blow,   are,   therefore,  very 
rainy  (Figs.  486-440,  444). 

The  east  coast  of  South  Fio-  437. —  Rainfall  ol  calm,  trade- 
Amenca,  both  noi-th  and  south 
of  the  equator  (Fig.  436),  the 
East  and  West  Indies,  northeastern  Australia  (Fig.  437),  and 
southeastern  Africa  (Fig.  438}  have  heavy  rains,  because  the 
trade  winds  blow  upon  them  from  the  sea.  These  places  have  a 
tropical  forest,  resembling  that  of  the  belt  of  calms.  Mountain- 
ous oceanic  islands  in  the  trade-wind  belt,  like  the  Hawaiian 
Islands,  have  heavy  rains  on  the  eastern  or  windward  side  while 
the  opposite  side  has  a  dry  climate. 

Summary.  —  East-facing  coasts  m  the  trade-wind  belts  have  a 
mint/  climate,  because,  as  the  damp  air  cools  in  rising  over  the  land, 
some  of  the  vapor,  eeajiorated  from  the  ocean,  is  precipitated. 

185.  Desert  Trade-wind  Belts.  —  In  the  trade-wind  belts 
arid  conditions  are  far  more  common  than  rainy ;  in  fact,  the 
trade  winds  furnish  the  most  important  cause  for  deserts. 
They  take  up  vapor  in  passing  over  the  land  for  the  same 
reason  as  on  the  ocean ;  but  there  is  so  little  moisture  to  be  ob- 
tained on  land  that  they  become  very  dry  winds,  into  which 
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vapor  rises  wherever  possible.  This  leaves  so  little  water 
for  plants  that  the  laud  is  made  desert;  but  even  in  the 
driest  desert  air  there  is  some  vapor,  and  rain  occasioQally 
falls.  In  the  Mohave  desert  of  Arizona  the  rainfall  is  less 
than  two  inches  a  year. 

Because  of  these  con- 
ditions  both   north    and 
south    of     the     equator, 
there  is  a  broad  belt  of 
arid   and  desert  country 
extending    almost    com- 
pletely across  the  conti- 
nents, though  on  east-fac- 
ing coasts  interrupted  by 
rainy  belts.    These  desert 
belts  include  parts  of  Aus- 
tralia (Fig.  437),  South 
Africa  (Fig.  438),  southern  South  America  (Fig.  436),  and 
southwestern  United  States  (Fig.  442) ;  but  the  largest  desert 
tract  is  in  the  great  land  area  of  northern  Africa  and  Asia. 
Commencing  in  western  Africa,  there  is  a  series  of  deserts 
extending  far  toward  the  east  coast  of  Asia  (Fig.  444). 
The  great  Sahara  is  a  part  of  this  belt. 

In  many  places  the  deserts  of  the  trade-wind  belts  merge  into 
the  ai'id  regions  of  the  horse  latitudes  (p.  261).  Here  also  the 
air  is  warming,  and  evaporation,  therefore,  proceeds  rapidly. 

Life  in  the  deserts  presents  a  far  different  picture  from  that  in 
the  tropical  forest.  Only  a  few  species  of  ])lants  are  adapted  to  life 
amid  the  unfavorable  conditions,  and  even  these  are  scattered  (p. 
342).  Therefore,  the  desert  is  a  barren,  open  country ;  and  neither 
animals  (p.  357)  nor  men  (p. 38(5)  find  it  a  favorable  place  for  a  home. 
Deserts  are  among  the  most  sparsely  settled  parts  of  the  world. 

The  weather  is  nearly  always  dry,  the  sky  usually  cloudless, 
and  the  winds  often  strong,  blowing  sand  about  (p.  87).  Even 
in  the  temperate  zone  the  days  are  warm,  and  in  summer  hot 
For  example,  in  the  desert  of  southern  Arizona,  though  far  north 
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of  tbe  tropic  of  Cancer,  the  thermometer  sometimes  tiaes  to  120° 
ia  the  shade.  The  highest  air  temperature  recorded  (127°)  was 
in  the  Algerian  desert.  But  radiation  is  rapid  in  the  dry  desert 
air,  and  at  night  the  ground  aud  air  cool  so  quickly  that  a  blanket 
may  be  necessary  l>efore  morning. 

Summary.  —  Where  air  is  growing  warmer,  as  in  the  trade-wind 
and  horae-ialitude  belts,  the  dimate  is  dry  and  the  land  arid  or 
desert.  Moat  of  the  deserts  are  in  these  belts.  Deserts  are  nnfavor- 
able  to  life,  — plant,  animal,  and  human.  The  deseii  dimate  ia  dry, 
often  wind}/,  and  hot  day  a  are  followed  by  cool  nights. 

186.  Savanna  Belts.  —  Between  the  rainy  belt  of  calms  and 
the  trade-wind  deserts  there  is,  in  each  hemisphere,  a  region, 
called  the  savanna  belt,  that  has  alternate  dry  and  wet  seasons. 
Thla  peculiar  climate  is  caused  by  the  migration  of  the  belt  of 
caltns  (p.  259).  In  the  hot  season  the  belt  of  calms  migrates 
to  the  savannas  and  there  is  heavy  rain  (Figs.  439, 440);  but 
in  the  opposite  season  the  savannas  are  under  the  influence 
of  the  drying  trade  winds. 

Aa  a  result  of  these  changes,  the  hot  season  (the  time  of  our 
summer  in  the  northern  hemisphere,  and  of  our  winter  in  the 
southern)  has  copious  rainfall,  and  vegetation  freshens  and  grows 
vigorously  ;  hut  in  the  opposite  season  the  ground  is  parched,  and 
vegetation  withers.  The  season  of  drought  is  too  severe  for  many 
forms  of  vegetation,  such  as  trees.  Therefore,  the  savannas  are 
covered  with  those  plants,  such  as  grass  (Fig.  491),  which  are 
able  to  survive  a  period  of  drought  (p.  342). 

The  doumes  of  Australia,  the  park  lands  of  Africa,  the  llanos  of 
Venezuela  and  Colombia,  and  the  campos  of  Brazil  are  examples 
of  savannas.  Their  grass  supports  large  numbers  of  plant-eating 
animals,  upon  which  fiesh-eating  mammals  prey. 

Savannas  are  probably  destined  to  become  the  most  productive 
and  best-settled  lands  in  the  tropical  zone.  The  opea  country 
favors  agi-iculture,  and  the  droiight  makes  necessary  some  provi- 
sion for  that  season.  Being  thus  forced  to  industry  and  thrift, 
the  negroes  of  the  savannas  have  become  farmers  and  cattle 
raisers,  and  are  the  most  advanced  blacks  of  Africa. 
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Sammary.  —  The  migration  of  the  belt  of  calms  brings  abundant 
rain  to  tlie  margin  oftkedeseii  trade-wind  belt  during  the  hot  season, 
giving  rise  to  aiteriiate  seasons  of  drought  and  rain.  This  makes  stwA 
regions,  called  savannas,  great  pasture  lands,  weU  adapted  to  life. 

187.  The  Indian  Climate.  —  As  a  result  of  the  influence  of 
the  monsoons  (p.  256),  partt*  of  India  have  a  peculiar  climat« 
with  three  well-defined  seasons,  —  the  hot  season,  the  rains, 
and  the  cool  winter.  During  the  hot  season,  which  lasts  from 
April  to  June,  hot.,  dry  winds  from  the  land  cause  the  tem- 
perature to  rise  above  100°  in  the  shade.  In  June  the  air 
becomes  calm  and  the  heat  almost  suffocating,  and  every  one 
longs  for  the  summer  monsoon.  When  this  begins,  clouds 
appear,  rain  falls,  and  fur  a  month  or  two  rains  are  of  almost 
daily  occurrence,  causing  vegetation  to  grow  profusely. 

A  short  period  of  calm  follows  the  summer  monsoon,  and  again 
the  heat  is  inteDse;  but  cool  air  from  the  interior  soon  begins  to 
flow  down  toward  the  sea,  and  by  October  the  winter  monsoon 
is  established.  The  air  is  then  clear  and  cool,  and  by  January, 
iu  many  parts  of  India,  fires  are  necessary.  Id  February  and  March 
a  sort  of  spring  visits  the  land.  Vegetation  then  bursts  forth,  only 
to  be  withered  by  the  scorching  drought  of  the  hot  season,  which 
postpones  the  real  growing  season  until  the  summer  rains. 

So  heavy  is  the  rainfall  on  the  mountain  slopes  that,  in 
places,  the  soil  is  completely  washed  away.  The  heaviest  rain- 
fall in  the  world  is  at  the  base  of  the  Himalayas  (Fig.  441). 
In  a  year  there  are  about  500  inches  of  rain ;  that  is,  if  it 
should  all  stand  where  it  fell,  it  would  form  a  layer  of  40  feet. 
Of  this  amount  about  two  thirds  falls  in  the  five  summer 
months.  On  a  single  day  there  have  been  40  inches  of  rain, 
or  more  than  falls  in  moist  parts  of  the  United  States  in  a  year. 

Summary.  —  77ie  Indian  climate  cotisisis  of  a  hot  season  (April 
to  June);  a  rainy  season,  during  the  summer  monsoon  (June  to 
August) ;  and  a  cool-  season,  during  the  winter  monsoon.  In  porta 
of  India  the  rainfall  during  the  summer  monsoon  is  very  heaiy, 
the  rainiest  part  of  the  world  being  in  northern  India. 


o.  430.  — Sketch  map  ol  windB  and  rBiDfall  in 
summer.  Zone  o(  greatest  beat  marked  by 
dotd,  an  imaglnu;  line  In  the  center  of  this  Area 
beiDg  the  heal  equator. 


<a.  441.  —  Summer  and  winter  r^nfall 
o[   India,  the   dlSerence   iwulting 
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CLIMATES  OF  THE  TEMPERATE  ZONES. 

188.  Variation  (la  Temperate  Zones)  from  Nottta  to  South. 
—  (A)  Temperature.  —  The  temperature  varies  greatly  from 
near  the  tropica  toward  the  poles;  but,  excepting  near  the 
tropics,  there  is  everywhere  a  decided  difEerence  between 
summer  and  winter.  Near  the  polar  circles  the  summers  are 
so  cool,  and  the  winters  so  cold,  that  the  climate  is  often 
called  subarctic.  No  trees  grow  there  (p.  340)  ;  little  or  no 
agriculture  is  possible;  and  there  are  scarcely  any  human 
inhabitants,  excepting  along  the  seacoast,  or  in  mining  camps, 
like  the  Klondike. 

These  treeless  tundras  merge  into  a  forest  belt,  and  vegeta- 
tion becomes  more  and  more  luxuriant  until,  near  the  tropics, 
the  climate  is  so  warm  that  it  is  called  subtropical.  In  this 
warm  belt  cotton,  sugar,  -oranges,  and  even  bananas,  pine- 
apples, and  cocoanuts  are  grown. 


-  The  climate  of  the  temperate  zones  changes  from 
cold,  or  subarctic,  near  the  polar  circles  to  hot,  or  subtropical,  near 
the  tropics  ;  and  -with  these  cJiatiges  there  are  variations  in  vegetation 
from  treeless  tundra  to  subtrc^ical  forest. 

(B)  Rainfall.  —  The  rainfall  also  varies  from  north  to 
south.  Most  temperate  regions  have  a  moderate  rainfall, 
decreasing  toward  the  frigid  zone  and  also  toward  the  trop- 
ics. The  rainfall  decreases  toward  the  frigid  zone,  because 
there  can  be  less  vapor  in  cold  than  in  warm  air  (p.  245). 
It  decreases  toward  the  tropical  zone  because  the  horse  lati- 
tudes are  naturally  arid  regions  (p.  282). 

The  arid  horse-latitude  belts,  in  which  are  included  southern 
California,  southern  Texas,  Spain,  Italy,  Greece,  and  the  steppes 
of  Russia,  grade  in  one  direction  into  the  deserts  of  the  trade- 
wind  belts,  and,  in  the  other,  into  the  damp  climate  of  the  mid- 
temperate  zone.  They  may  be  called  the  belts  of  steppes.  Some 
parts  of  the  horse-latitude  belts,  like  Florida,  have  abundant  rain- 
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fall,  because  exceptional  conditions  cause  winds  to  blow  from  the 
ocean.    Some  paits,  on  the  other  hand,  are  true  desert 

Steppes  are  dry  in  summer ;  but  some  sections  are  reached  by 
the  west  winds  when  they  migrate  southward  in  winter,  bringing 
snow  and  rain.  Therefore  irrigation  is  necessary  for  f^iculture, 
as  in  Italy,  which  has  dry  summers  and  rainy  winters.  Where 
best  developed,  steppes  are  too  dry  for  trees;  hut  grass  grows  in 
spring,  curing  to  a  natural  hay  during  the  warm,  dry  summer,  thus 
serving  as  a  food  for  cattle. 

Summary.  —  TTie  rain/ail  decreasee  toward  the  north  because  the 
air  u  cool ;  in  most  places  U  also  decreases  toward  the  south,  and, 
in  the  horse-latitude  belts,  there  are  regions  of  arid  steppes. 

(C)  Effect  of  Mountains.  —  While  in  southern  Europe  (p.  279) 
subtropical  plants  grow  in  the  latitude  of  the  New  England  and 
Middle  Atlantic  States,  in  our  country  such  plants  do  not  thrive, 
even  in  northern  Florida.  There  are  no  lofty  mountains  to  pre- 
vent cold  north  winds  from  sweeping  down  to  the  Gulf.  There- 
fore cold  waves  reach  as  far  as  New  Orleans  and  northern  Florida, 
causing  frosts  so  destructive  that  it  has  been  necessary  to  give 
up  orange  culture  in  northern  Florida.  In  one  respect  these  cold 
winds  are  an  advantage,  for  they  are  invigorating,  and  the  people 
of  the  South  do  not  suffer,  as  some  warm  temperate  peoples  do, 
from  the  enervating  effects  of  too  much  warmth. 

Summary.  —  7%e  absence  of  east-icest  moHnfain  cJiains  makes  it 
possible  for  cold  waves  to  reach  even  to  the  Qulf. 

189.  Variation  (In  Temperate  Zones)  from  West  to  East.  — 
Owing  to  the  fact  that  the  prevailing  winds  of  the  temperate 
zones  are  from  the  west,  there  are  decided  differences  in 
climate  from  west  to  east. 

(A)  West  Coasts.  — The  warm,  damp  winds  that  blow  from 
the  ocean  upon  west-facing  coasts  cause  a  humid,  equable 
climate.  This  is  well  illustrated  on  the  northwest  coast  of 
the  United  States  and  Europe  (pp.  278  and  279).  While 
in  eastern  United  States  droughts  often  cause  the  grass 
to  become  parched,  the  dampness  of  the  air  in  the  British 
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Isles  keeps  it  green.     Hence  the  name  Emerald  Isle  for 
Ireland. 

The  heaviest  rainfall  in  the  United  States  is  on  the  north- 
west coast  ([Figs.  442,  445),  where  damp  air  from  the  ocean 
rises  up  the  mountain  slopes.  There  the  rainfall  amounts  to 
100  inches  a  year ;  and  in  winter,  when  the  land  is  cool,  and 
the  westerlies  most  steady,  there  is  rain,  drizzle,  or  fog  almost 
daily.  'For  the  same  reason  there  is  heavy  rainfall  on  the 
southwestern  coast  of  Chile  (Fig.  444).  But  in  the  horse- 
latitude  and  trade-wind  helts,  as  in  southern  California  and 
northern  Chile,  the  climate,  even  on  the  seashore,  is  arid. 

Snminary.  —  On  west  coasts  of  the  temperate  zone,  where  reached 
hy  the  prevailing  west  winds,  ilie  dinuUe  is  damp  and  equable.  The 
?ieamest  rain/ail  in  Ike  United  States  is  on  the  northwest  coast. 

(B)  Effect  of  North-aouih  Mountains.  —  Along  the  west 
coast  of  Europe  there  is  especially  heavy  rainfall  on  the 
mountain  slopes,  as  in  Wales,  Scotland,  and  Norway.  But, 
since  these  mountains  are  not  very  high  or  continuous,  tlie 
winds  are  ahle  to  carry  vapor  far  inland,  even  into  Asia. 
Because  of  this  fact  Europe,  north  of  the  horse-latitude  belt, 
is  well  watered  and  the  seat  of  extensive  agriculture. 

In  western  North  America,  on  the  other  hand,  as  the  air 
rises  over  the  high,  continuous  mountains,  so  much  of  its 
vapop  is  condensed  that  it  descends  on  their  eastward  slopes 
as  dry  air.  Accordingly,  from  the  Sierra  Nevada-Cascade 
ranges  eastward  to  the  100th  meridian  —  the  part  of  North 
America  which  corresponds  in  position  to  Germany,  Austria, 
and  eastern  Russia  —  most  of  the  country  is  arid  ;  and  even 
farther  east,  in  the  Mississippi  valley,  there  are  frequent  and 
destructive  droughts. 

Summary.  —  We^em  United  States  differs  Jrom  Europe  in  the 
greater  injlitence  of  Us  higher,  more  continuous  mountatjis,  which 
cause  the  winds  that  cross  them  to  reach  the  other  side  dry,  forming 
arid  regions  as  far  east  as  the  100th  meridian. 
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(C)  Interior  of  Oontinentt.  —  The  interior  of  a  continent, 
being  tar  from  the  sea,  receives  much  less  rainfall  than  a 
windward  coast.  Thus  there  are  frequent  periods  of  drought 
in  central  western  Asia  and  in  central  United  States.  These 
droughts  are  less  destructive  in  the  northern  pa''t  ^-"•'use  in 
a  cool  climate  lighter  rainfall  sufiiGes  for  crops.  There  are 
two  reasons  for  this :  (1)  in  cool  climates  the  slight  evapora- 
tion allows  the  dampness  to  remain  long  in  the  ground; 
(2)  melting  frost  keeps  the  soil  damp  for  a  long  time. 

One  striking  peculiarity  of  the  interior  of  continents  is 
the  great  range  of  temperature  between  the  warm  or  hot 
Bummers  and  the  very  cold  winters  (Figs.  431-435).  Dur- 
ing the  summer  day  the  temperature  may  rise  above  100° — 
truly  tropical  heat;  and  in  winter  it  may  descend  to  the 
Arctic  cold  of  even  40°  below  zero,  giving  a  range  of  perhaps 
140°  in  a  single  year.  Minnesota  and  neighboring  states  illus- 
trate this  extreme,  or  continental  climate.  It  is  also  illus- 
trated in  central  northern  Siberia,  near  the  Arctic  circle, 
where  moderately  warm  summers  are  followed  by  bitterly 
cold  winters.  In  fact,  this  is  the  coldest  known  place  (Figs. 
431,  435),  and  has  been  called  the  cold  pole  of  the  earth. 

It  is  distance  from  the  sea,  and  freedom  from  its  influence, 
that  account  for  the  extreme  climate  of  the  interior  of  continents. 
The  land  warms  in  snuimer,  when  the  smi,  though  low  in  the 
heavens,  stays  long  above  the  horizon.  In  winter,  on  the  other 
hand,  the  nights  are  very  long,  and  during  the  short  days  the  sun 
is  low  in  the  heavens.  Under  these  conditions  radiation  is  far  in 
excess  of  the  heat  supplied,  and  the  land  becomes  esceedingly  cold.  ' 

Summary.  —  Interioraof  continents,  heivg  far  fi-om  the  sea,  are  sub- 
ject  to  droufflil ;  and  there  i»  great  raii'jt  in  temiierature,  from  icnrm  or 
hot  gammers  to  cold  a-intera.      27n'a  is  known  as  a  continental  climate. 

(D)  Eatt  Coaatt.  —  Since  the  prevailing  westerlies  must 
cross  the  continent  before  reaciiing  east  coasts,  one  might  | 
expect  to  find  arid  climates  there.      Aridity  is  prevented,  i 
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however,  by  the  winds  of  the  cyclonic  storm  eddies  (p.  262), 
which  frequently  replace  the  west  winds.  Some  of  these 
winds  blow  from  the  Atlantic  or  Gulf  of  Mexico,  bringing  the 
vapor  which  gives  eastern  United  States  its  abundant  rainfall. 

Because  of  the  influence  of  cyclonic  storms,  the  climate 
of  east  coasts  is  variable.  The  west  winds  are  dry  and 
cool  in  summer,  and  dry  and  cold  in  winter ;  but  whenever 
storm  winds  blow  from  the  sea,  both  the  temperature  and 
humidity  are  influenced  by  the  ocean.  Thus  in  northeast- 
ern United  States  the  east  winds  are  damp  and  chilly,  being 
cooled  in  passing  over  the  Labrador  current ;  and  in  sum- 
mer they  often  bring  fogs.  The  south  winds,  warmed  in 
passing  over  the  Gulf  Stream  or  the  Gulf  of  Mexico,  are 
warm  and  damp.  From  day  to  day  the  weather  varies 
(p.  265),  one  day  being  like  the  interior  of  continents, 
another  like  the  equable  ocean. 

Smmnary. —  Tlie  cydouic  storm  eddies  of  the  weat-wtnd  bdta  give 
east  coos/s  a  very  variable  climate,  with  rain  w}ten  winds  bring  abun- 
dant vapor  from  the  sea. 

190.  Variable  Winds  of  the  Prevailing  Westerlies.  — Among  the 
winds  caused  by  the  passage  of  cyclonic  storms  and  anticyclones 
(p.  265)  are  some  so  distiuctive  that  they  deserve  special  names. 
The  gentle  south  wind,  which  causes  oppressively  warm  weather 
in  summer,  and  unseasonable  warmth  in  winter,  may  be  called  the 
siTocco.  It  is  when  the  sirocco  blows  that  thunder  storms  and 
tornadoes  develop  in  summer,  and  thaws  occur  in  winter. 

Of  the  very  opposite  type  are  the  west  and  northwest  winds 
that  sometimes  blow  on  the  rear  of  vigorous  winter  cyclones. 
These  cold  winds,  often  filled  with  snow,  are  called  bliitarda  in 
Dakota  and  northers  in  Texas.  Because  of  the  marked  difference 
in  the  barometric  gradient  (p.  255)  between  the  cyclone  and  the 
anticyclone  the  air  moves  with  great  velocity,  perhaps  40  to  60 
miles  an  hour.  The  cold,  and  the  tierce  snow  squalls,  ofteu  cause 
destruction  of  life  among  sheep  and  cattle;  even  men  arc  some- 
times lost  in  the  blinding  snow,  and  frozen  by  the  fierce  cold- 
Milder  forms  of  blizzard  occur  in  northeastern  United  States. 
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A  cold  wave  (Fig.  446)  is  a  rapid  drop  in  temperature  during 
the  passage  of  a  well -developed  anticyclone  (p.  263).  At  such 
times  a  wave  of  cold  air  spreads  over  a  large  part  of  the  country, 
even  down  to  the  Gulf  (p.  286).  This  blanket  of  air  descends 
from  the  cold  northern  interior  and  from  aloft  (Fig.  417) ;  and 
since  it  is,  therefore,  warming  as  it  spreads  out,  it  is  clear  and 
dry.  Through  it  radiation  proceeds  readily,  causing  very  low 
temperatui-ea  in  winter,  refreshingly  cool  weather  in  summer,  and 
eai'ly  and  late  frosts  in  fall  and  spring  (p.  246).  The  term  cold 
wave,  however,  is  commonly  applied  only  to  the  winter  condition. 


The  passage  of  cyclonic  storms  sometimes  causes  an  exceed- 
ingly warm,  dry  wind,  known  as  the  foehn  in  the  Alps  and  the 
Chinook  in  the  RocVy  Mountains.  These  winds  are  caused  by  the 
rapid  passage  of  air  across  mountains  toward  a  storm  center.  As 
the  air  rises  on  one  side  it  loses  much  of  its  vapor,  descending  as 
dry  air  on  the  opposite  side.  It  descends  so  rapidly  that  it  ia 
warmed  by  compression,  as  the  air  in  a  bicycle  pump  is  warmed 
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(p.  241).  This  warming  lowers  the  relative  humidity  (p.  244)  un- 
til the  air  becomes  very  dry;  in  fact,  the  Swiss  formerly  believed 
that  the  foehn  came  from  the  Sahara.  In  the  warm,  dry  air,  snow 
disappears  rapidly,  and  houses  become  so  dry  that  fires  are  greatly 
feared.  Whole  villages  in  Switzerland  have  been  wiped  out  bj 
fire  during  the  foehn  winds. 

Summary.  —  A  sirocco  is  a  warm,  gentle  south  wind  bloieing 
toward  a  ct/donic  storm ;  a  blizzard,  or  norther,  is  a  fierce,  cold  wind, 
wUh  squalls  of  snow,  in  the  area  between  well-defined  cyclones  and 
anticydones ;  a  cold  wave  is  the  outspreading  blanket  of  cold 
air  in  an  anticyclone;  the  foehn,  or  chinook,  is  a  warm,  dry  moun- 
iain  wind  made  warm  and  dry  by  rapidly  descending  the  moutUain 
slopes  tn  its  passage  toward  a  low  pressure  area. 

191.  Weather  of  Eastern  United  States- —  (A)  Summer 
Weather. — The  typical  summer  weather  of  eastern  United 
States  may  be  illustrated  by  the  following  actual  instance. 
A  cool,  dry,  gentle  west  wind  is  accompanied  by  a  day  of 
agreeable  warmth,  a  night  of  refreshing  coolness,  and  a 
nearly  cloudless  sky.  An  anticyclone  is  passing  over  the 
region,  and  following  it  is  an  area  of  moderately  low  pres- 
sure. Aa  this  approaches,  the  wind  veers  to  the  southeast, 
the  temperature  rises,  the  air  becomes  more  humid,  and  both 
day  and  night  are  muggy  and  oppressive.  On  the  morning 
of  the  second  day,  clouds  fleck  the  sky,  in  the  afternoon 
growing  to  thunder-heads.  About  four  o'clock  a  thunder 
atorm  appears,  preceded  by  a  fierce  squall ;  then  comes  heavy 
rain,  accompanied  by  vivid  lightning  and  crashing  thunder. 
After  the  storm,  a  west  wind  blows  and,  as  another  anti- 
cyclone passes,  the  air  is  again  dry  and  refreshing. 

This  cycle  is  repeated  with  some  regularity,  though  there  are 
numerous  variations.  At  times  the  low  pressure  areas  are  so 
poorly  developed  that  for  several  weeks  little  rain  falls.  There 
a  then  a  drought,  during  which  streams  and  wells  run  dry,  vege- 
tation withers,  and  crops  suffer.  At  other  times  a  low  pressure 
area  is  so  well  developed  that,  instead  of  scattered  thunder  storms, 
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there  is  general  cloudiness  and  rain.  This  is  especially  true  in 
late  summer  and  early  autumn,  when  Imrii canes,  accompanied  by 
strong  winds  and  heavy  tmus,  pass  up  the  coast. 

Siunmar;.  —  Summer  weather  in  eastern  l/niled  Stales  ia  vari- 
able, being  warm,  and  oppressive,  nfien  with  thunderstoj-ms,  when 
sooth  minds  blow  toward  moderately  developed  areas  of  low  pressure, 
and  cool  and  refreshing  when  anticyclones  pass. 

(B)  Winter  Weather  (Figa.  446-453). —  Both  cyclones  and 
anticyclones  are  much  better  developed  in  winter  than  in  sum- 
mer. They  pass 
over  the  country 
in  fairly  regular 
succession  (p.  263), 
bringing  alternate 
clear  and  cloudy 
weather.  Their 
appearance  is  some- 
times so  regular 
that  one  day  of 
the  week  has 
nearly  the  same 
kind  of  weather 
for  several  succes- 
sive weeks. 

During  the  pas- 
sage   of    cyclones, 
FiQ.  M7.-A  winter  storm,  ebowing  winds  blowing     there  may  be  rain, 
toward  a  Low,  and  the  large  area  over  which  rain      or  SUOW,   Or   both. 
(dotted)  a..d  snow  (cros^Hued)  are  falliug.  -p^^  ^j^j  ^.^^.j^^  j^ 

velocity  Tp.  265)  and  veers  through  various  quarters,  bring- 
ing chilly  air  from  the  north  or  east,  warm  air  from  the  south. 
While  the  south  wind  is  blowing  a  tliaw  may  set  in,  and,  even 
in  midwinter,  rain  may  fall  as  far  north  as  Canada.  A  thaw 
is  often  followed  by  a  decided  drop  in  tem()erature  as  the 
next  anticyclone  approaches. 
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Few  cliinates  of  tbe  world  are  so  variable  as  these  of  the  stormy 
west-nind  belts ;  and  the  changes  in  weather  are  very  trying  to 
the  health.  Consequently  many  diseases,  such  as  pneumonia, 
grippe,  and  consumption,  are  common  in  these  severe  climates. 

Summary. —  TOe  winter  weather  of  (he  weat-wvid  belts  is  exceed- 
ingly variable,  being  cold  during  the  passage  of  anticyclones,  and  rela- 
tively warm  during  the  passage  ofcydonic  storms,  whose  south  wiTuis 
may  ev&t  cause  midwinter  thaws. 

192.  Climate  of  the  South  Temperate  Zone.  —  Owing  to  the  fact 
that  thete  is  so  much  water  in  the  southern  hemisphere,  the 
changes  in  temperature  are  less  extreme  there  than  in  the  northern 
hemisphere  (Fig.  435) ;  aud  the  winds  blow  with  more  strength  and 
steadiness  than  over  the  irregular  lands  (p.  261).  Otherwise  the 
climates  of  the  two  temperate  zones  are  much  alike.  Over  the 
Southern  Ocean  the  summer  weather  is  damp  and  chilly,  the  winter 
raw  and  cold,  though  without  extreme  changes  from  warm  to  ex- 
ceedingly cold  weather.  Storms  are  frequent  and  fierce,  and  this 
is  why  rounding  (Jape  Horn  is  so  dreaded  by  sailors. 

Simunary-  —  Excej)ting  for  Wronger,  Readier  winds,  more  uniform 
coolness,  and  less  decided  changes  in  temperature,  Ike  climate  of  the 
south  temperate  zone  is  simitar  to  that  oftfie  north  temperate, 

193.  Arctic  Cllmatea. — (A)  Near  the  Circle,  —  In  summer, 
when  the  sun  is  above  the  horizon  both  day  and  night,  the 
air,  though  cool  and  sometimes  raw,  is  never  very  cold.  The 
warmth  melts  the  froat  to  a  depth  of  two  or  three  feet, 
making  the  soil  damp  and  swampy.  Then  the  grass  becomes 
green,  flowers  blossom,  and  birds  and  insects  appear.  As  in 
other  places  visited  by  the  westerlies,  storms  appear  in  fairly 
regular  succession,  bringing  rain  or  squalls  of  snow.  Fogs 
are  common  on  the  sea  and  along  the  coast,  where  damp 
winds  are  chilled  in  passing  over  cold  water. 

In  the  late  summer,  when  the  sun  commences  to  set,  the 
days  grow  cooler  and  the  nights  cold.  Insects  disappear, 
birds  move  southward,  and  the  laud  is  covered  with  snow. 
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The  soil  freezes  again,  and  a  skim  of  ice  appears  on  the 
ocean,  growing  thicker  as  the  days  become  shorter.  The 
Eskimo  then  gives  up  his  kayak  and  takea  to  the  sledge  in 
search  of  seal,  bis  chief  food.  Finally  the  sun  is  absent 
even  at  noon,  and  then  the  weather,  both  day  and  night,  is 
bitterly  cold.  In  winter  the  principal  changes  are  those 
accompanying  the  passage  of  cyclonic  storms.  Sometimes, 
even  in  midwinter,  the  temperature  rises  so  high  that  the 
Eskimo  snow  houses,  or  igloos  (Fig.  525),  begin  to  melt. 

With  the  coming  of  spring  the  sun  reappears,  the  snow- 
melts,  and  the  Eskimo  abandons  his  igloo  for  a  skin  tent,  or 
tupic  (Fig,  524).  The  aea  ice  begins  to  break  up  and  float 
away,  and  the  Eskimo  returns  to  his  kayak  for  hunting. 
Then  comes  the  summer  day. 

Summary. —  The  Arctic  summer,  near  the  Circle,  is  cool,  damp,  and 
stormy.  In  winter,  when  the  sun  is  below  the  horizon  even  at  mid- 
day, Ike  ground  ia  frozen  and  anow-covered,  the  sea  covered  with  ice, 
and  the  weather  bitterly  cold. 

(B)  Nearer  the  Pole. — As  near  the  pole  as  man  has  gone  the 
climate  has  been  found  similar  to  that  just  described;  but  the 
Arctic  winter  night  is  longer  and  colder,  the  summer  cooler. 
Even  there  the  waimth  of  the  summer  sun  is  sufficient  to  remove 
the  snow  from  much  of  the  low  ground  near  the  coast.  In  up- 
per Greenland,  the  northernmost  land  known,  and  far  north  of 
the  highest  Eskimo  settlements,  Peary  found  flowers  blossoming, 
insects  humming,  and  musk  oxen  roaming  about  in  anmmer. 

The  sea  which  aurrounds  the  North  Pole  is  everywhere  covered 
with  ice  floes  (p.  194),  over  which  Abruzzi,  I^ansen,  Peary,  and 
others  have  tried  to  reach  the  pole.  They  must  make  their  dash 
fa  early  spring,  because  in  sumnier  the  ice  is  too  broken  to  cross 
on  sledges,  yet  not  open  enough  to  allow  ships  to  pass  through. 
Consequently  those  who  have  tried  to  i-each  the  pole  have  gone  as 
far  north  as  ships  will  carry  them,  and  remained  through  the  cold, 
dreary  Arctic  night  in  order  to  be  ready  for  an  early  start.  Thus 
far  the  difficulties  of  ice  and  climate  have  baffled  the  efforts  of 
even  the  most  hardy  and  venturesome  explorers. 

■ Ci-^ 


WEATEEB  AND   CLIMATE.  296 

—  A*  far  north  as  man  lias  gone,  the  climaie  is  stmilar 
to  tluU  nearer  the  Arctic  Circle,  though  cooler  in  summer  and  colder 
in  winter,  because  the  sun  is  lower  and  longer  beiow  the  horizon. 
Planta  and  animals  live  on  the  norlhmost  known  land.  In  summer 
the  sea  ice  breaks  vp  so  thai  travel  over  it  by  sledge  is  impossible. 

Topical  Outline,  Questions,  and  Suqokbtioks. 

Topical  Outline.  — 181.  Difference  between  Weather  and  CUmate.  — 
Weather;  climate;  illustration  of  difference;  kinds  of  climat«. 

182.  Zones  of  Heat— (A)  The  Flee  Zona:  reason  for  diviaion;  the 
Eoiies;  boundaries.  (B)  Injtueace  of  Altitude:  effect  of  highlands; 
isotherms;  isothermal  cliai'tB;  Tacifio  slope.  (C)  Influence  of  Water: 
contrast  ocean  and  land ;  illustrations;  temperature  ranges.  (D)  Influ- 
ence of  Winds :  coDtr&st  western  Europe  and  eastern  United  States ;  east- 
em  and  western  United  States.  (E)  Influence  of  Ocean  Currenli:  effect 
on  winds;  transference  to  land;  contrast  western  ICurope  and  eastern 
America.  (F)  Influence  of  Topography:  local  influences;  mountain 
barrieis;   western    United  States;  Mediterranean. 

183.  Belt  of  Calms.  —  Warmth;  rain;  weather  on  the  ocean;  on 
the  land;  forests;  mankind. 

184.  Saiuy  Trade-wind  Belts.  —  Effect  of  warming  air ;  evaporation 
of  sea  water;  east-facing  coasts;  instances;  forests;   Hawaiian  Islands. 

165.  Desert  Trade-wind  Belts.  —  Explanation;  rainfall;  desert  belts; 
horBe-latituiIe  arid  climate  ;  desert  life  ;  weather  conditions. 

166.  Savanna  Belts.  —  Location;  cause  of  peculiar  climate;  effect  on 
vegetation;    instances  of  savannas;    animals;  man. 

1S7.  The  Indian  Climate.  —  Hot,  wind;  season;  hot,  calm  season; 
the  rains;  short,  hot  period  ;  winter  monsoon ;  effect  of  these  changes 
OD  vegetation ;   heavy  rains  at  base  of  Himalayas. 

188.  Variation  (in  Temperate  Zones)  from  North  to  South.  —  (A)  Ttm- 
peralwe:  near  polar  circles;  near  tropics;  vegetation,  (B)  Rainfall:  in 
the  north;  in  the  south;  steppes,  (C)  Effect  of  Mountains:  Contrast 
aoathern  Europe  and  United  Stetes;  effect  on  people. 

189.  Variation  (in  Temperate  Zones)  from  West  to  East.—  (A)  West 
Coatft:  climate  of  west  coasts;  contrast  British  Isles  and  eastern 
United  States;  rainfall  of  western  United  States;  Chile.  (B)  Effect  of 
North-south  Mountains:  western  Europe;  interior  of  Europe;  western 
Unit«d  States;  country  east  of  mountahis,  (C)  Interior  of  Conlinenlt: 
rainfall ;  droughts ;  the  cool  north ;  p-eat  temperature  range ;  continental 
climate;  instances;  explanation.  (U)  East  Coasts:  effect  of  storms  on 
rainfall  j  in  causing  variable  climate ;  changes  from  day  to  day. 
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190.  Variable  Winds  of  tbe  PreTailinE  Weateiliea.  —  (a)  Sirocco: 
nature;  cause;  effects.  (A)  Blizzards  or  northers:  location;  reason  for 
strong  wiiida;  effects,  (c)  Cold  waves:  nature;  location;  cause  of 
cold;  efCecta.  ((f)  Foehn  or  chinook:  location;  cause  of  warmth; 
cause  of  diyness;  effects. 

191.  WeatherofEasteni United  States. — (A)  Summer  W«al£n-,- (a)  typ- 
ical cycle:  anticyclone;  warm  south  winds;  thunder  stornis;  aoticy- 
clone.  (A)  Variations  from  cycle:  droughts;  general  rain.  (B)  WirUer 
Weather:  regular  successioti  of  cyclones  and  out i cyclones ;  precipitation; 
windchangeH;  thaws;  effect  of  changes  on  health. 

192.  Climate  of  the  South  Temperate  Zone.  —  Effect  of  water  on  tem- 
perature; on  winds;  summer  weather;  winter  weather;  storms. 

193.  Arctic  Climates.  —  (A)  Near  the  Circle:  summer  climate;  plants 
and  animals;  storms;  fog;  change  in  autumn;  effect  on  life;  winter  cli- 
mate ;  effect  on  Eskimos ;  spring  climate ;  effect  on  Eskimos.  (B)  Xearer 
the  Pole:  resemblance  to  conditions  farther  south;  differences;  life;  sea 
ice ;  time  of  making  dash  toward  the  pole. 

QuBSTio.NB.  — 181.  What  ia  weather?  Climate?  Illustrate  tha 
difference.    Name  some  different  kinds  of  climate. 

182.  (A)  Why  may  the  earth  be  divided  into  zones  of  heat?  Whal 
about  the  boundaries?  (B)  What  is  the  influence  of  highlands?  W^hat 
is  an  isotherm?  An  isothermal  chart?  What  is  the  condition  on  the 
Pacific  slope?  (C)  What  differences  are  there  over  land  and  water? 
Give  illustrations.  (D)  Give  illustrations  of  the  influence  of  winds  on 
climate.  (E)  How  do  ocean  currents  affect  climate?  Give  instances. 
(F)  What  effect  has  topography  on  climate?    Give  instances. 

183.  What  ia  the  climate  of  the  belt  of  calms  ?  What  ia  the  weather 
on  the  ocean?    On  the  land?    What  effect  has  the  climate  on  man? 

184.  What  effect  have  the  ti'ade  winds  on  the  sea?    On  rising  coasts? 

185.  Why  are  there  deserts  in  the  trade-wind  belts?  Where  are  the 
great  desert  belts?  Why  are  the  horse  latitudes  arid?  What  are  the 
life  condition*  in  the  desert?     What  are  the  weather  conditions? 

186.  What  is  the  cause  of  the  savannas?  What  are  the  conditions 
there?     What  effect  have  these  conditions  on  life? 

187.  Describe  the  Indian  climate:  the  seasons;  their  cause;  their 
effect  on  vegetation ;  the  heavy  rains. 

188.  (A)  What  are  the  conditions  near  the  polar  circle?  How  do 
the  temperature  and  vegetation  change  toward  the  tropics?  (B)  How 
does  the  rainfall  vary  from  north  to  south?  What  are  steppea?  Where 
found?  What  are  the  conditions  there?  (C)  What  is  the  result  of  the 
absence  of  lofty  mountains  in  southern  United  States? 

188.    Why   are    there    differences  in  climate    from  west  to  ea-tt? 
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(A)  What  Ib  the  climate  of  \Test-facing  coasts?  Why?  Give  illuB- 
trations.  (B)  Contrast  central  Europe  with  the  arid  Weat.  Explain  the 
condition  iu  the  United  States.  (C)  What  is  the  condition  of  rainfall  in 
the  interior?  Why  are  droughts  lesa  destructive  in  the  north?  What 
are  the  temperature  conditions?  Why?  (U)  What  is  the  cause  for 
rftinfall  on  east-facing  coasts?    How  does  the  climate  vary?    Why? 

190.  What  is  the  sirocco?  The  norther?  The  blizzard?  What  is 
the  cause  of  each?  Their  efCeet?  What  h  the  caune  of  cold  waves? 
Explain  the  toehn  or  the  chinook  wind.     What  are  their  effects? 

191.  (A)  Describe  a  cycle  of  typical  summer  weather  in  eastern  United - 
States.  What  causes  vaiiations  from  this  cycle?  (B)  Describe  the  win- 
ter weather.    What  causes  thaws?    What  is  the  effect  of  the  changes? 

192.  How  does  the  cliinat«  of  the  south  teinperat«  zone  differ  from 
that  of  the  north  ? 

193.  (A)  Describe  the  Arctic  climat«  in  the  different  seasons.  How 
do  these  changes  influence  life?  (R)  What  is  the  condition  of  climate 
nearer  the  pole  ?    Why  is  it  so  difficult  t«  reach  the  pole  ? 

SuQOBSTioNS.  —  (1)  Trace  one  or  two  of  the  isothermal  lines  across 
the  charts  for  the  United  States  (Figs.  433,  43  i)  and  endeavor  to  explain 
the  irregularities.  Do  the  same  for  one  or  two  isotherms  in  the  north- 
em  hemisphere  of  the  world  charts  (Kigs.  431,  432).  Follow  one  or 
two  in  the  southern  hemisphere  and  account  for  the  difference  between 
their  regularity  and  tlia  irregulaiity  of  those  in  the  nortliem  hemisphere. 
(2)  Make  isothermal  charts  of  the  United  States  and  the  world,  copying 
upon  outline  maps  the  JHotherms  in  the  book.  (3)  Study  the  Appen- 
dix on  weather  map»s  (Appendix  H)  and  work  out  the  suggestions. 
(4)  Select  and  study  weather  maps  illustrating  cold  waves.  (3)  From 
a  series  of  three  weather  maps  for  successive  dayn,  describe  the  weather 
changes  at  a  given  place  —  say  Boston  or  Chicago.  Write  down  the 
temperature,  wind  direction,  etc.,  for  each  of  the  days.  (6)  Make  a 
record  of  local  weather  changes  for  a  week.  Write  a.  short  description  of 
these  changes.    (7)  Write  a  description  of  the  cliniat«  of  youi'  home. 

Kefeience  Books.  —  Wabp,  Harm's  Handbnok  of  Climalotogg,  Hao- 
mitlan  Co.,  New  York,  IB03,  frt.OO;  Gbeely,  Amencan  Weather,  Dodd, 
Mead  &  Co.,  New  York,  1888,  |2.50;  Turnkb,  Climate  ii/New  York  .Stale, 
Chapter  XI,  Ph>,^ir„t  Cfngwphi,  of  Nets  York  Stale,  Macniillan  Co.,  Kew 
York.  1902,  83.50;  Chom.',  Climate  and  Time,  Appleton  &  Co.,  New  York, 
1890,  «2.dO.    (See  also  references  at  end  of  Chapter  XII.) 
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CHAPTER  XV. 
PBTSIOaRAFHY  OF  THE  tTNITBD  STATES. 

Thb  United  States  illustrates  in  many  ways  the  effect 
of  physiographic  conditions  on  the  industries  and  develop- 
ment of  the  various  sections.  In  previous  chapters  reference 
has  frequently  been  made  to  these  influences.  These  refer- 
ences, with  others  added,  are  summarized  in  this  chapter. 

194.  Hew  England.  —  New  England  is  a  region  of  very 
ancient  mountains  of  hard  rock,  including  crystalline  gneisses, 
schists,  and  granites.  These  strata  are  complexly  folded, 
and  worn  hy  denudation  to  the  condition  of  hills  and  low 
mountains  (Fig.  460).  It  is  held  by  many  that  this  region 
was  worn  down  to  a  peneplain  (Fig.  171),  with  here  and 
there  a  peak,  or  group  of  peaks,  rising  above  the  general 
level.  Such  peaks  have  been  called  tnonadnocki,  after  Mt. 
Monadnock,  N.H,  (Fig.  455),  which  rises  well  above  the 
fairly  uniform  sky  line  of  the  surrounding  hilltops. 

After  the  mountains  were  reduced  to  a  low  hilly  condi- 
tion, there  was  an  uplift  of  the  land,  which  permitted  the 
streams  to  sink  their  valleys  into  the  ancient  mountains. 
This  occurred  so  long  ago  that,  even  in  the  resistant  rocks,  the 
valleys  have  been  broadened  to  the  condition  of  early  matur- 
ity. The  Connecticut  valley,  in  weaker  sandstones  and 
shales,  has  been  broadened  to  a  wide  lowland  (Fig.  86),  with 
here  and  there  hills  of  more  resistant  trap  rock,  like  Mts. 
Tom  (Fig.  229)  and  Holyoke,  rising  above  the  valley  floor. 

There  is  little  mineral  wealth  in  New  England,  with  the 
exception   of   abundant   building   stone,  including  granite. 
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slate,  and  marble,  which  finds  a  market  in  many  partB  of 
the  country.  There  U  hardly  any  coal,  and  very  little  iron 
or  other  metals. 

Over  all  thia  region  the  ice  sheet  spread,  rounding  the 
hills  and  deepening  some  of  the  valleys.  The  residual  soil 
was  swept  away,  and  in  places,  especially  on  steep  slopes,  the 
rock  was  left  bare  ;  but  usually  it  was  covered  by  a  glacial 
soil.  This  soil  varies  greatly  from  sterile  to  fertile,  from 
thiu  to  thick,  and  from  clayey  to  bowldery  (Figs.  284,  285). 
Over  a  large  part  of  New  England  the  glacial  soil  is  too 
thin,  or  too  sandy,  or  too  rocky,  for  cultivation. 

Becatise  of  the  billy  nature  of  the  land,  the  many  steep 
slopes,  and  the  poor  soil.  New  England  is  not  a  good  farming 
country.  In  fact,  the  forest  has  been  allowed  to  remain  on 
large  areas  (Fig.  189)  ;  and,  for  this  rea&on,  the  more  moun- 
tainous northern  and  western  partB  are  among  the  important 
forest  regions  of  the  country.  Under  such  conditions  the 
farms  are  necessarily  small  (Fig.  457),  and  the  area  suited 
to  farming  is  not  nearly  large  enough  to  supply  the  needs  of 
the  busy  manufacturing  towns  and  cities.  The  great  food 
staples,  such  as  wheat,  are  brought  from  the  West,  while  New 
England  farms  are  devoted  mainly  to  the  production  of  vege- 
tables, dairy,  and  similar  products  for  neighboring  towns. 

The  glacial  deposits  have  formed  many  lakes  and  turned 
aside  many  streams,  which  now  tumble  in  rapids  and  falls 
over  ledges  which  they  have  discovered.  Hundreds  of  cities 
and  towns  use  this  water  power  for  manufacturing,  which 
stands  at  the  foundation  of  New  England's  prosperity.  The 
lakes  aid  in  regulating  the  water  supply. 

During  the  glacial  period  the  land  sank  and  the  sea  entered 
the  valleys,  forming  a  very  irregular  coast  line  (Figs.  S88, 
389),  with  many  bays  and  good  harbors.  This  irregular  coast 
line  is  favorable  to  fishing,  one  of  the  most  important  indus- 
tries of  New  England ;  and  it  early  encour^edship  building, 
for  which  the  forests  supplied  the  lumber.     The  beautiful 
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scenery  of  this  irregular  coast,  and  the  cool  climate,  attract 
many  people  in  summer. 

The   many  harbors  have  encouraged   navigation.      This 
navigation    aids  manufacturing  by   furnishing  a   means  of 
bringing  raw  materials  and  of  removing  manufactured  arti- 
cles to  places  where  they  are  used.     Thougii  irregular,  the 
coast  is  low  enough  to  permit  the  easy  construction  of  rail- 
ways ;  and  the  broad,  mature  valleys  of  the  interior  are  also 
easily   traversed   by    them.       Consequently,   railway    lines 
radiate  from  the  leading   ports  to   cities   both   inland   and 
along    the    coast.       lu   this   respect   New   England   differs 
greatly   from    mountainous  Norway,  where  communication 
between  points  along  tlie  irregular  coast  must  be  by  boat. 
Many  of  the  busy  manufacturing  cities  of  New  England 
(Fig.  456).  such  as  Providence,  Fall   River,  New  Bedford, 
New  Haven,  Bridgeport,  and 
Portland,    are    on    the    sea. 
Others,  like  Worcester,  Lowell, 
Lawrence,       Hartford,       and 
Springfield,   are   in   the   inte- 
rior,    generally     near     water 
power.    By  far  the  largest  city 
is    Boston,    on    the    sea.     Its 
growth  depends  upon  a  num- 

,.,,.     berof  favorable  circumstances. 

Fio,  451.— To  show  (he  location  of     Jfc  is  in  a  Central  position,  on 
Boston  wilb  the  rlne of  surround-       ,,     ,  ,       t   ^x.  ^       ,_-   l 

ing  towns  and  ciiieB  that  part  of  the  coast  which 

extends  farthest  into  the  iote- 
rior  of  New  England,  and  it  has  an  excellent  harbor.  Com- 
munication along  the  coast  is  possible  by  rail  and  boat;  the 
interior  is  easily  accessible  by  rail ;  and  all  parts  of  the 
world  are  open  to  its  commerce.  All  eastern  Massachusetts 
is  tributary  to  this  port,  which  lies  in  the  center  of  a  semi- 
circle of  manufacturing  towns  (Fig,  454),  one  of  the  busiest 
manufacturing  regions  of  the  world. 


Tia.  U6.  —  DlBtTlbutloD  of  lowaa  and  cities  in  New  Engtsiid. 
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In  its  physical  gei^raptiy,  Ifew  England  resembles  parts  of 
Great  Britain  and  Scandinavia.  In  each  ca£e  the  coast  is  irregu- 
lar, the  land  hilly,  and  much  of  the  Boil  poor.  Scandinavia,  like 
the  more  hilly  part  of  New  England,  has  a  large  proportion  of  its 
area  uncleared  of  forest.  It  is  more  mountainous  than  most  of 
New  England,  and  has  little  manufacturing;  but  its  irregular 
coast  has  encouraged  the  development  of  fishing  and  shipping. 
Great  Britain  pays  far  more  attention  to  manufacturing  than  to 
agriculture,  and,  like  New  England,  depends  upon  other  sections 
for  a  large  part  of  its  supply  of  food  and  raw  materials. 

Smnmary.  —  New  England  is  a  region  of  tuom-dotcn,  ancient 
mouniaiTia,  mtJi  hilltops  rising  to  a  fairly  even  sky  line,  but  with 
peaks  and  grovpa  of  peaks  rising  above  this  level,  especially  in  the 
west  and  north.  Many  of  these  are  still  forest-covered.  The  valleys 
are  fairly  broad,  even  in  the  hard  rock,  favoring  tlte  construction  of 
roads  and  raiitcays.  The  ice  sheet  has  left  a  glacial  soil,  which, 
together  with  the  hilly  condition,  makes  this  a  poor  farming  region. 
There  is  little  mineral  wealth,  excepting  building  stone.  In  spite  of 
tlte  general  absence  of  raw  products,  the  water  power,  due  to  glacial 
interference  with  Mreams,  has  encouraged  the  development  of  manu- 
facturing; and  this  has  been  further  aided  by  tlte  irregular  coast, 
caused  by  sinking  of  the  land.  This  irregular  coast  is  favorable  to 
fishing  and  to  navigation.  Of  the  many  manufacturing  cities  Bos- 
ton is  most'favorably  situated  and  is,  therefore,  the  target. 

195-  New  York.  — The  physiography  of  the  Empire  State 
is  more  varied  than  that  of  New  England.  New  York  may 
be  divided  into  four  quite  different  regions  :  (1)  the  Adi- 
rondacks,  resembling  the  more  mountainous  parts  of  New 
England;  (2)  the  low,  hilly  region  of  southeastern  New 
York,  which  resembles  southwestern  New  England ;  (3)  the 
high,  hilly  plateau,  including  the  Catskills  and  southern  and 
western  New  York ;  and  (4)  the  plains  which  border  Lakes 
Erie  and  Ontario.  The  ice  sheet  covered  the  entire  state, 
excepting  the  extreme  southwestern  corner  (Fig.  270). 
Therefore,  in  varioua  parts  of  the  state,  there  are  moraines 
(Figs.  273,  274),  wash   plains  (Fig.   275),  dnimlins  (Fig. 
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287),  and  other  glacial  deposits,  and  gorges,  waterfalls  (Figs. 
61,  67,  71,  75),  rapids,  and  lakes. 

The  basis  for  the  great  growth  of  New  York  is  agriculture, 
in  which  it  imiks  high  among  the  states  of  the  Union.  lu 
mineral  wealth  the  state  is  not  especially  rich,  though  build- 
ing stone,  clay,  and  salt  are  found  In  excess  of  local  needs. 
There  is  also  some  iron,  oil,  and  gas,  but  no  coal.  However, 
the  oil,  gas,  and  coal  of  Pennsylvania  are  readily  accessible ; 
and  the  iron  of  the  Lake  Superior  region  is  easily  brought 
by  water  to  Buffalo. '  Hence,  manufacturing  cities  have  de- 
veloped wherever  facilities  for  transportation  favored  their 
development.  Water  power,  due  to  glacial  action,  has  also 
aided  in  the  growth  of  many  towns  and  cities. 

The  Adirondacks,  like  the  higher  parts  of  "New  England,  are 
rugged,  mountainous,  rocky,  and  forest-covered  (Fig.  188).  Water 
power  is  used  in  a  aeries  of  towns  around  their  base,  partly  in 
manufacturing  the  products  of  the  forest,  as  in  making  paper 
from  wood  pulp.  There  are  some  mineral  resources,  including 
iron;  but  distance  from  lines  of  water  transportation  renders  the 
stores  of  building  stone,  and  most  other  mineral  products,  of  little 
present  use.  As  in  New  England,  these  beautiful  mountains  (Fig. 
299)  are  much  resorted  to  by  sportsmen  and  summer  visitors. 

The  uplands  of  the  Catskills,  and  the  hilly  plateau  of  the 
south  and  west  (Figs.  145,  465),  have  a  thin  and  often  stony  soil. 
This  plateau  is,  therefore,  sparsely  settled,  and  there  are  large 
areas  that  are  still  forest-covered.  The  valleys,  being  mote  level, 
and  having  thicker  and  better  soil,  are  dotted  with  farms  and 
country  villages.  The  abundance  of  creameries,  for  the  manufac- 
ture of  butter  and  cheese,  shows  that  much  of  this  region  is  better 
adapted  to  pasturage  than  to  grain  and  other  crops. 

The  hills  are  so  difficult  to  cross,  and  so  sparsely  settled,  that 
railways  are  found  mainly  in  the  larger  valleys;  and  it  is  often  a 
long,  roundabout  railway  journey  from  one  valley  to  the  next. 
The  towns  and  cities,  such  as  Binghamton  and  Elmira,  are  in 
the  larger  valleys,  usually  at  points  where  railways  from  tributary 
valleys  enter,  making  these  places  rulway  junctions. 
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The  level  plains  along  tlie  shores  of  the  Great  Lakes 
have  a  deep  soil,  deposited  by  the  glacier  and  in  the 
glacial  lakes  (p.  149}.  These  lake-shore  plains  are  among 
the  beat  farming  lands  of  the  East,  and  the  induence  of  the 
lake  water  gives  them  a  olimate  especially  suited  to  fruit 
cultare  (p.  166).  From  near  Buffalo  to  Rome,  the  Erie  Canal 
(Fig.  458)  crosses  these  plains.  Its  route  is  now  followed 
by  railways ;  and  the  excellent  facilities  for  transportatioD 
have  encour^ed 
the  growth  of  nu- 
merous towns  and 
cities,  including 
Rochester, —  at 
the  falls  of  the 
Genesee, —  Syra- 
cuse, Utica,  Troy, 
and  Albany. 

Kumerous  broad, 
mature  valleys  lead 
back  into  the  pla- 
teau, and  in  some  of 
them  are  large  lakes, 
such  as  Cayuga  (Fig. 
298)  and  Seneca, 
which  have  been 
caused  by  ice  erosion  and  dams  of  glacial  drift.  These  valleys 
and  lakes  afford  opportunities  for  communication  by  water,  road, 
and  railway  with  the  heart  of  the  plateau  country.  In  early  days 
the  Erie  Canal  was  the  only  great  artery  connecting  this  interior 
with  the  sea ;  but  railways  are  now  added  to  the  canal  to  accom- 
modate the  steady  stream  of  trade,  between  the  West,  the  interior 
of  the  state,  and  the  sea. 

The  movement  of  goods  along  this  route,  which  has  aided 
in  the  growth  of  many  towns  and  cities,  has  especially 
favored  the  cities  at  the  two  ends  —  New  York,  on  the  sea, 
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and  Buffalo,  on  Lake  Erie.  The  unloading  of  goods  at 
Buffalo  and  New  York,  for  further  shipment,  accounta  in 
part  for  their  growth.  They  are,  moreover,  supplied  with 
abundant  raw  material  for  manufacture  and  have,  therefore, 
become  great  centers  of  manufacturing  and  of  commerce. 

By   rea^son    of    its 
very  favorable  pLyai- 
ographic    situation 
"  '\  ij!SX-i«a»<f^SSiK^2'<^^&^/^^    New  York  has  become 
^^A^^^^^^^^^^^^y^    J  ^^^  largest  city  of  the 

•^'"■^s**-   ^i"*^^>'^  /  /  country,  and  one  of 

the  largest  and  busiest 
in  the  world.  Sinking 
of  the  land  (Fig.  459) 
has  caused  a  fine  har- 
bor with  extensive 
water  frontage.  This 
sinking  has  admitted 
the  sea  into  the  Hud- 
son (Fig.  462)and  into 
several  small  tribu- 
taries, even  flooding 
low  divides,  thus 
forming  islands  which  add  greatly  to  the  water  front.  As  a 
result,  an  inclosed  waterway  has  been  formed  behind  Long 
Island,  opening  connection  with  New  England,  and  another 
along  the  Hudson  (Fig.  351)  into  the  interior.  The  latter 
route,  extended  to  the  Great  Lakes  by  canals  and  railways, 
has  concentrated  in  New  York  the  shipping  of  a  large  part 
of  the  interior  of  northern  United  States.  Thus  the  growth 
of  New  York  City  hsia  kept  pace  with  the  growth  of  the  interior. 
The  peculiar  conditions  snrrounding  this  rapidly  growing  city 
have  made  the  problem  of  living  there  difficult  to  solve.  The  har- 
bor is  in  two  states,  but  the  main  city  is  on  a  long,  narrow  island. 
There  is  no  space  for  the  population  to  easily  spread  outward 


Fiti.4S9.— New  York  City  and  suironndinjiB, 

ing  the  submerged  channel,  which  eitends  off- 
Bhote  from  the  Hndson  to  the  edge  of  llie  con- 
tinental shelf.  Before  the  land  was  lowered  the 
Hndson  occnpied  this  channel. 
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in  various  directions  from  the  harbor,  as  in  many  cities.    Here, 
development  has  had  to  extend  ap  the  narrow  island  and  across 
the  channels  of  the  harbor.    This  has  gi'catly  crowded  Manhattan 
Island,  and  has  forced  many  New  York  business  men  to  live  at  a 
distance,  large  numbers  going  across  North  River  to  New  Jersey 
or   across  East  Kiver   to  Long  Island.     Therefore  a  number  of 
cities  have  grown  up  around  the  splendid  harbor,  such  as  Ho- 
boken  and  Jersey  City,  in  New  Jersey,  and  Brooklyn,  now  a  part 
of  New  York  City,  on  Long  Island,    The  problem  of  transporting 
these  people  is  more 
serious  than  in  any 
other  city;  and  sur- 
face, elevated,  and 
underground    lines, 
added    to     bridges, 
ferry     boats,     and 
railway  trains,  are 
notyetsuificient.  As 
the  city  grows  the 
probleins  of  trans- 
portation increase. 

Summary.  —  The        Fia.  4e:i.  — Ideal  restoralion  or  Ui«  neiglibothood  at 
Adirondacks    re-  "*"  York,  it  tha  land  ware   reelevaWd  to  its 

, ,  ,    ,  former  level, 

semble  mountamcms 

New  England  in  phyniog^-aphy  and  industries;  and  the  low,  hilly 
region  of  southeastern  New  York  resembles  southwestern  New  Eng- 
land. T/te  plateau'  seclivn  is  hilly,  sparsely  settled  on  the  uplands, 
but  with  better  soil,  and  more  inhabitants,  in  the  broad  valleys.  The 
lake-shore  plains  are  excellent  farming  land,  and  the  Erie  Canal  and 
the  railways  which  cross  these  plains  have  caused  the  growth  of  many 
'owns  and  cities,  and  made  much  manufacturing  possible.  Tlie  two 
cities  at  the  ends  of  this  route,  Buffalo  and  New  York,  hare  become  of 
Special  importance.  New  York  having  the  best  physiographic  situation 
of  all  the  cities  of  the  country,  and  hence  becoming  its  metropolis. 

196.   The  Coastal  Plains.  —  From  New  Jersey  to  Mexico 
there  is  a  narrow  belt  of  low,  level  land,  so  recently  raised 
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above  the  eea  that  it9  streams  are  young  and  large  tracts  are 
undrained  (Figs.  78, 79, 119-121).  This  coastal  plains  region 
is  broadest  in  Florida,  and  extends  up  the  Mississippi  val- 
ley, which  at  its  lower  end  is  a  filled  bay.  As  it  is  south  of 
the  glacial  belt,  rapids  and  falls  are  pi-actically  absent  from 
the  streams ;  but  there  are  lakes  in  the  irregularities  of  the 
raised  sea  bottom,  especially  in  Florida. 

Much  of  the  surface  is  too  sandy  for  farming  and  ia  covered 
with  pine  forests  (p.  73).  Other  tracts  are  too  damp,  some  in  the 
South  being  the  seat  of  rice  culture,  which  requires  wet  ground. 
Where  the  soil  is  dry  and  fertile  enough,  the  uoastal  plains  are 
the  seat  of  important  agriculture. 

There  is  little  mineral  wealth  in  this  belt.  Sand  and  clay  are 
abundant,  and  in  some  cases  are  shipped  away  ;  and  at  Charleston 
and  in  Florida  there  are  important  beds  of  phosphate,  which  ia 
sent  far  and  wide  for  use  as  land  fertilizer. 

The  coast  is  low  and  often  swampy,  especially  near  the  rivers, 
into  whose  mouths  the  sea  has  been  allowed  to  enter,  by  a  slight 
sinkmg  of  the  laud  (Figs.  121,  124,  387).  There  are  some  good 
harbors  and  some  large  navigable  bays,  especially  in  the  north, 
where  the  sinkhig  has  been  greatest.  Biit  the  moving  aands,  and 
the  sand  bars  which  skirt  the  coast  (p.  214),  make  many  of  the  har- 
bors of  little  use.  The  larger  bays,  especially  Delaware  and  Chesa- 
peake bays,  admit  boats  far  into  the  land ;  and  beoause  of  their 
gentle  slope,  and  the  abaenee  of  falls  and  rapids,  many  of  the  rivers 
are  navigable  to  small  boats.  Anywhere  on  the  level  surf  ace,  roads 
and  railways  may  be  built;  but  the  sparseness  of  settlement,  and  the 
general  absence  of  manufacturing,  make  few  railways  necessary. 

The  cities  are  located  either  on  the  Fall  Line  (Pig.  125), 
along  the  inner  margin  of  the  coastal  plain,  or  at>the  head  or 
moutb  of  the  bays.  Thus,  Galveston  is  on  a  sand  bar  at  the 
mouth  of  a  bay ;  New  Orleans  is  on  the  navigable  Mississippi 
at  the  point  where  it  comes  nearest  to  a  shallow  bay,  naviga^ 
ble  in  early  times  by  small  boats;  Mobile,  Savannah,  and 
Charleston  are  on  small  bays;  Norfolk  is  at  the  moutb  of 
the  large  Chesapeake  Bay. 
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Snmmaiy —  The  level  coaatal  plains  extend  from  New  Jersey  to 
Mexico.  They  are  often  so  swampy,  or  have  so  sandy  a  soil,  as  to 
be  un^  for  agricuUure.  There  is  little  tnineral  wealth.  The  low, 
sandy  coast  has  many  navigable  bays,  due  to  sinking  of  the  lavid ;  but 
sand  bars  interfere  with  Ike  entrance  to  many  by  skips.  The  chief 
cities  are  on  tke  Fail  Line  or  on  the  coast,  either  at  the  head  or 
mouth  of  a  bay. 

197.  The  Piedmont  Belt  —  The  low,  hilly  country,  from 
New  York  to  Alabama,  between  the  coastal  plains  and  the 
Appalachian B,  is  known  as  the  Piedmont  belt  (Figs.  461, 
464,  465).  It  is  an  uplifted  peneplain,  with  hilltops  rising 
to  a  nearly  uniform  level,  and  here  and  there  a  monadnock 
standing  above  the  general  surface.  An  uplift  has  given  the 
streams  power  to  sink  their  valleys  into  the  peneplain.  That 
this  was  once  a  high,  rugged,  mountain  region  is  proved  by 
the  fact  that  the  rocks  are  intensely  folded. 

Excepting  jn  New  Jersey  the  Piedmbnt  region  is  south  of 
the  glacial  belt,  and,  therefore,  the  residual  soil  has  not  been 
removed  from  its  undulating  surface.  This  soil  is  usually 
deep  and  fertile,  and,  since  the  climate  is  favorable  and  the 
surface  fairly  level,  this  is  a  splendid  agricultural  region.  It 
is  one  of  the  greatest  cotton  and  tobacco  belts,  and,  in  addi- 
tion, produces  fruits  and  farm  crops  of  various  kinds. 

The  Piedmont  belt  is  dotted  with  towns  and  cities,  and 
crossed  by  many  railway  lines.  The  Fall  Line  cities  C^ig- 
125)  are  along  its  eastern  margin,  the  two  largest  being 
Philadelphia  and  Baltimore,  also  near  the  head  of  naviga- 
tion on  large  bays.  Washington  is  similarly  situated. 
Philadelphia  and  Baltimore,  like  Boston  and  New  York, 
have  become  great  seaports  because  of  good  harbors  and 
connection  with  a  productive  interior.  Being  shipping 
points  for  the  exports  and  imports  of  the  interior,  these 
cities  have  naturally  become  great  manufacturing  centers. 
Manufacturing  has  been  further  encouraged  by  the  readi' 
ness  with  which  coal  and  iron  are  obtained. 
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The  largest  city  auray  from  the  Fall  Line  is  Atlanta,  which, 
like  many  other  towns  and  cities  of  the  South,  has  become  of 
impoi'tance  as  a  center  for  the  manufacture  of  cotton,  lumber, 
and  other  local  products,  Atlanta  owes  its  development  largely 
to  the  fact  that  it  lies  at  the  point  of  intersection  of  a  number 
of  railway  lines,  including  those  that  pass  around  the  southern 
end  of  the  Appalachians, 

Somnuiry.  —  The  Piedmont  belt  is  an  uplijled  peneplain,  with  a 
fertile  residual  soil  and  a  favorable  climate.  It  is,  therefore,  an 
excellent  agricultural  region,  producing  especially  tobacco  and  cotton. 
It  is  dolled  with  towns  and  cities,  tlie  largest  being  on  the  Fall  Line. 
Among  these  cities  are  Philadelphia,  Baltimore,  and  Washington, 
also  at  the  head  of  large  bays. 

198.    The  Appalachian  Belt. — This  belt,  extending  from 
New  York  to  Alabama,  parallel  to  the  Piedmont,  may  be 
divided  into  two  parts,  —  the  eastern,  or  Appalachian  projjer, 
and  the  western,  or  Appalachian  (Alleghany)  plateau  (Figs. 
461,     464,     465). 
The  eastern  Bection 
is  a  true  mountain 
region    of     folded 
rock,     while     the 
western  portion  is 
true   plateau  with 
horizontal     stratA. 
Both  are  so  rugged 
that  much  of  their 
area  is  unsuited  to 
Fio.  163,— TbePoiomacWaWrGap.  settlement    and. 

therefore,  still  for- 
est-covered (Figs.  85,  146).  The  ruggedness  is  due  to  so 
recent  an  uplift  that  the  streams  have  cut  deep  valleys. 

For  a  long  time  these  rugged,  forest-covered  belts  served 
as  a  barrier  to  westward  migration ;  and  even  now,  along  all 
but  a  few  lines,  they  are  passed  with  difficulty.     The  ridges 


11  £5  3, 

m 

Hi 


8  *■*!- 

lis  ill 

I  ^  S  i  s 

*  I  '"i  >  ^ 


5SIII 


PUrSlOGBAPBr  OF  UNITED  STATES.  809 

are  crossed  by  water  gaps  (Figs.  172,  192,  193,  463,  467),' 
which  the  trails  of  the  Indians  and  trappers,  the  wagon 
roads  of  the  early  settlers,  and  the  railways  and  canals  of 
present-diiy  commerce  all  have  followed.  The  principal 
lines  of  passage  are  along  the  Cumberland,  Potomac,  Sus- 
quehanna, Delaware,  and  Mohawk  gaps. 

This  belt  includes  some  of  the  most  spai^ely  settled  regions 
of  eastern  United  States  (p.  84),  and  is  an  important  timber 
reserve.  It  would  be  still  less  populous  if  it  were  not  for 
two  important  facts.  In  the  fii-st  place,  where  the  rock  is 
soft  the  valleys  have  been  so  broadened  as  to  invite  an 
agricnltural  population  (Fig.  466).  This  is  best  illustrated 
by  the  broad,  fertile  limestone  valleys  of  New  Jersey,  Penn- 
sylvania, the  Shenandoah  valley  of  Virginia,  and  the  Ten- 
nessee valley.  In  the  second  place,  the  rocks  contain  stores 
of  valuable  mineral  (p.  108),  the  most  important  being  coal, 
iron,  oil,  and  gas.  The  coal  and  iron  have  been  exposed  in 
many  of  the  deep  valleys. 

These  conditions  have  led  to  the  development,  not  only  of 
mining  industries,  but  of  important  manufactures.  Of  the 
many  busy  centers  of  mining  and  manufacturing  the  great- 
est is  at  Pittsburg  and  Allegheny,  where  the  Monongahela 
and  Allegheny  unite  to  form  the  Ohio.  This  point  has 
water  connection  with  a  wide  area ;  and  the  meeting  of  rail- 
ways where  the  valleys  come  together  has  added  facilities 
for  extensive  railway  transportation.  Therefore  iron  and 
other  raw  products  for  manufacture  are  easily  obtained,  and 
the  manufactures  are  readily  distributed.  This  favorable 
situation  was  caused  by  the  effect  of  the  ice  sheet  (p.  156). 

Scrantou  and  Wilkes  Barre,  faHher  east  in  the  anthracite  cool 
fields,  have  also  developed  into  important  mining  and  manufac- 
turing cities.  Indeed,  all  Pennsylvania  has  had  its  growth 
stimulated  by  its  gi'eat  mineral  resources,  and  especially  its  coal. 

Throughout  the  Appala<:hian  belt  similar  mineial  wealth  is  caus- 
ing developnieut.     In  no  place  is  this  better  illustrated  than  at 
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BirmiD^liam,  Ala.,  where,  within  a  radiuB  of  a  few  miles,  are 
found  abundant  stores  of  coal,  iron,  and  limestone,  the  tiiree 
materials  necessary  for  iron  smelting.  Under  such  favorable  con- 
ditions a  large  manufacturing  city  has  rapidly  grown. 

Summary.  —  The  Apptdachian  belt,  extending  from  New  York  to 
Alabaina,  consists  of  (1)  Irae  mountains,  and  (2)  a  plateau  portion. 
Both  are  for  tlie  wm)s(  part  rugged,  sparsdy  settled,  and,  over  large 
areas,  forested,  forming  a  barrier  loAtcA  was  first  and  most  easily 
crossed  along  the  water  gaps.  Some  of  the  broad  valleys  are  good 
farm,  land,  and  there  is  much  mineral  wealth,  especially  coal.  This 
has  given  rise  to  a  number  of  important  m,ini}>g  and  manufactur- 
ing txnZers,  of  which  the  Pittsburg-Allegheny  region  is  most  im- 
portaiU. 

199.  The  Central  Plains.  —  The  region  that  slopes  toward 
the  Mississippi  river,  from  the  Rocky  Mountains  on  one  side 
and  the  Alleghany  plateau  on  the  other,  is  for  the  moat  part 
an  expanse  of  level  plains  (p.  Tt!).  This  levelneaa  is  due  to 
two  facts  :  (1)  the  rock  strata  are  nearly  horizontal ;  (2)  the 
valleys  are  mature.  In  a  few  places  the  strata  have  been 
disturbed  by  mountain  folding,  as  in  the  Black  Hills  and 
the  low  mountains  of  central  Texas,  Indian  Territory, 
Arkansas,  and  southern  Missouri  (Fig.  461).  Around  Lake 
Superior  is  another  low  mountain  area,  a  southward  exten- 
sion of  the  ancient  mountain  land  of  central  Canada. 

In  so  level  a  country,  i-ailways  may  be  built  almost  any- 
where, though  they  naturally  follow  the  valleys.  These  are 
so  broad  and  open  that  they  are  well  settled,  quite  unlike 
the  steep-sidad  *valley8  of  the  Alleghany  plateau.  The  large 
rivers  have  so  nearly  approached  grade  that  they  are  navi- 
gable for  long  distances.  The  Mississippi,  for  example,  is 
navigable  for  1000  miles  from  the  sea,  as  far  as  St.  Paul. 

The  ice  sheet  covered  the  northern  part  of  these  plains  (Fig, 
27O),  filling  the  valleys  with  drift  and  tlma  making  the  surface 
more  level  (Fig.  292).  These  glacial  deposits  have  turned  many 
streams  out  of  their  valleys,  causing  falls  and  rapids,  as  in  the 


,N.«j,-vGoot^le 


,N.«j,-v  Google 


PHYSIOGBAPHY  OF  XTBTTSD  STATES.  811 

case  of  the  Falls  of  St.  Anthony  at  MiDneapolis.  Many  ponds 
and  lakes  were  also  formed,  as  in  the  low,  hilly  country  of  Minne- 
sota, in  which  there  ai'e  said  to  be  10,000. 

One  of  the  most  important  effects  of  the  glacier  was  to 
make  the  Great  Lakes  water  route  (p.  156)  which,  supple- 
mented by  canals,  offers  facilities  for  interior  water  trans- 
portation  that  are   uot   equaled   on   any   other   continent. 
Continuous  water 
transportation    is 
possible  from  the 
sea   to  Duluth,  a 
distance,  via  Mont^ 
real,  of  over  2000 
miles. 

The  generally 
level  surface,  the 
fertile  soil,  and 
the   climate  have 

combined  to  make  Fio.  468, —Notice  to  wtrnt  extent  the  wheat  ol  tba 

these     nlains     one  countr;  is  raised  in  this  sectioa.    Much  the  &ame 

,            ^                     ,  is  true  ol  other  grsins. 
of  the  greatest  of 

agricultural  regions  (Fig.  468).  The  further  fact  that  large 
sections  of  prairie  were  treeless  helped  in  the  rapid  devel- 
opment of  the  region.  The  agricultural  products  vary  with 
the  climate  from  hardy  grains  in  the  North  to  tobacco 
and  cotton  in  the  South.  In  the  hilly  lands  and  along 
the  rivers,  especially  in  Michigan,  Wisconan,  and  Minne- 
sota, there  is  forest,  from  which  much  valuable  timber  is 
obtained. 

The  western  part  of  this  plains  region  (west  of  the  100th 
meridian)  has  an  arid  climate  (Figs.  127,  129),  unfitting  it 
for  agriculture  without  irrigation  (p.  287).  This  part  of 
the  Great  Plains  is  the  seat  of  an  important  grazing  industry 
(Fig.  128).  ^ 

I .C.oo>ilc- 
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There  are  great  stores  of  mineral  wealth,  including  build- 
ing stone,  clay,  Bait,  lead,  zinc,  oil,  gas,  and  coal ;  and  the 
copper  and  iron  of  the  Lake  Superior  region  contribute  to 
the  natural  resources.     The  almost  unlimited  supplies  of  coal, 
widely  distributed,  make  manufacturing  possible  throughout 
almost    the   entire 
area.     The  farms, 
mines,  and  forests 
supply     the     raw 
materials,  and  the 
excellent  facilities 
for   transportation 
permit   the  distri- 
bution of  raw  and 
m  anuf actured 
products. 

It  is  natural  that 
there  should  be 
busy  manufactur- 
ing cities  along  the  large,  navigable  rivers.  The  greatest  of 
these  river  cities  are  St.  Louis,  on  the  Mississippi,  near  the 
mouth  of  the  Missouri,  and  Cincinnati  and  Louisville,  on 
the  Ohio.  That  the  situation  of  St.  Louis,  near  the  junctioa 
of  two  great  rivers,  is  favorable,  is  shown  by  its  marvelous 
growth,  making  it  the  fourth  city  in  size  in  the  United 
States.  Its  position  makes  it  a  manufacturing  and  distrib- 
uting point  for  products  from  north,  south,  east,  and  west. 
Another  great  industrial  community  is  found  at  the  head 
of  navigation  on  the  Mississippi  —  the  twin  cities  of  St.  Paul 
and  Minneapolis.  The  latter  has  the  further  advantage 
of  a  fall  in  the  Mississippi,  supplying  water  power.  New 
Orleans,  near  the  mouth  of  the  Mississippi  (p.  ttOO),  and 
Pittsburg,  at  the  head  of  the  Ohio  (p.  809),  are  closely 
related  in  prosperity  to  the  fertile  interior  plains,  for  they 
.are  in  close  communication  with  them  by  water  and  rail. 
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Along  the  lake  route  many  important  cities  have  de- 
veloped :  in  Canada,  Montreal  and  Toronto ;  in  United 
States,  Buffalo,  Cleveland,  Toledo,  Detroit,-  Chicago,  Mil- 
waukee, and  the  two  neighboring  cities  of  Duluth  and 
Superior,  besides  many  smaller  places.  Each  of  these  cities 
profits  by  the  commerce  that  the  water  route  opens  to  it ;  and 
each  is  able  to  receive  the  raw  products  of  the  entire  lake 
region  (Fig.  469).  Iron,  one  of  the  most  important  of  these 
products,  must  be  brought  to  the  coal  fields  for  smelting, 
and  all  lake  ports  near  the  coal  fields  share  in  the  benefit. 
With  the  recent  wonderful  development  of  the  iron  region 
there  has  been  a  corresponding  growth  of  the  lake  ports. 

Each  of  these  cities  has  some  special  reason  for  its  growth 
at  that  particular  point.  Duluth-Superior  and  Buffalo  are 
at  the  two  American  ends  of  the  lake  route.  Toronto  is  on 
a  good  harbor  on  the  Canadian  side  of  Lake  Ontario,  oppo- 
site the  Welland  Canal.  Montreal  is  at  the  bead  of  navi- 
gation for  large  ocean  vessels,  and  at  the  foot  of  rapids  in  the 
St.  Lawrence,  around  which  a  canal  has  been  built.  Cleve- 
land and  Toledo  are  on  good  harbors  on  Lake  Erie,  and  near 
extensive  coal  fields.  Detroit  is  on  a  narrow  strait,  through 
which  lake  traffic  must  pass,  and  at  a  point  where  railways 
cross  from  United  States  to  Canada.  It  is,  moreover,  prac- 
tically at  one  end  of  Lake  Erie.  Milwaukee  is  on  a  good 
lake  harbor  backed  by  a  fertile  country. 

Of  all  the  cities  in  this  section,  Chicago  has  the  best 
natural  site  and  has,  therefore,  grown  the  fastest.  It  is  no 
accident  that  it  has  become  the  second  city  of  the  country  in 
size ;  nor  is  there  reason  to  expect  that  its  growth  will  not 
continue.  The  small  harbor,  around  which  Chicago  started, 
was  scoured  out  by  the  overflow  stream  of  the  glacial  lakes 
that  existed  while  the  ice  sheet  was  melting  away  (Fig.  280). 
The  city  soon  outgrew  its  small  natural  harbor,  but  continued 
to  prosper  because  of  its  favorable  situation. 

Like  Buffalo,  Toledo,  Detroit,  and  Duluth,  it  occupies  a 
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position  near  the  end  of  a  great  lake.  With  other  lake  ports 
it  shares  all  the  advantages  of  lake  shipping ;  and,  like  sev- 
eral of  them,  it  is  near  coal  fieldst  and  in  the  midst  of  a 
fertile  agricultural  region  which  supplies  raw  products  and 
a  market  for  manufactured  goods.  More  than  this,  it  is  a 
natural  railway  center ;  railroads  from  the  East  swing  around 
the  southern  end  of  Lake  Michigan  to  reach  Chicago,  where 
they  unite  with  railroads  from  other  sections.  For  these 
reasons  Chicago  has  become  a  great  manufacturing  and  com- 
mercial center,  being  a  distributing  point  for  a  wide  area  of 
country.  It  is  a  center  of  distribution  for  some  products,  such 
as  meat  products,  for  cities  even  as  far  away  as  the  aeacoast. 

Sanunuy. —  The  Oreai  Mains  region,  t!u)vgh  mostly  level,  has  a 
feto  low  mountainous  sections.  The  northern  portion  Koa  covered 
by  the  ice  sheet.  The  greater  part  of  the  plains  region  is  adapted  to 
agrictdture  ;  but  some  of  the  more  hilly  portions  are  forested.  The 
we^em  portion  is  arid,  and  hence  devoted  mainly  to  graxing. 
The  Plains  have  great  mineroX  resources,  notably  coal  and  iron,  and 
consequently  have  become  an  important  manufacturing  section.  The 
navigable  rivers  and  broad  valleys  have  encouraged  Ike  grouch 
of  a  number  of  large  river  cities  of  which  St.  Louis  is  the  greatest. 
Tlie  Great  Lakes  water  route  is  even  more  important  for  navigation, 
and  hence  has  a  aeries  of  large  and  busy  manufacturing  cities.  Of 
these  Chicago  is  tlie  largest.  This,  the  second  city  in  tfte  country,  has 
a  Jine  natural  situation  at  the  end  of  one  of  the  lakes,  in  the  midst  o/ a 
fertile  agriculturai  country,  and  near  extensive  coalfields. 

200.  The  Far  West  —  This  broad  area  is  mainly  s  great 
plateau  with  mountain  ranges  rising  here  and  there.  Both 
the  mountains  (Figs.  158,  161,  165,  166,  470,  471)  and  pla- 
teaus (Figs.  137,  138,  141,  476-478)  are  so  young  that  they 
are  very  rugged.  Yet  there  are  many  broad  mountain  val- 
leys and  extensive  areas  of  level  plateau,  so  that,  if  the  cli- 
mate favored,  this  might  become  much  more  important  as 
an  agricultural  region.  Over  most  of  this  area  the  climat« 
is  so  arid  that  the  land  is  suited  only  to  grazing ;  and  vast 
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numbers  of  cattle,  sheep,  borBes,  and  goats  are  raised  on  the 
plains,  plateauS)  and  mountain  slopes.  Parts  of  Nevada, 
southern  California,  and  Arizona  are  true  deserts,  with  too 
little  grass  and  water  even  for  grazing  (Fig.  l&O}. 

On  the  other  hand,  some  of  the  high  plateaus  and  moun* 
tain  valleys  have  rainfall  enough  for  agriculture,  and  many 
of  the  mountain  slopes  and  higher  plateaus  are  forested. 
One  very  large  area,  including  the  northern  half  of  Cali- 
fornia, western  Oregon,  and  much  of  Washington,  has  sufG- 
cient  rainfall  to  make  it  a  very  important  agricultural  region. 

Fanning  is  abo  carried  on  wherever  irrigation  is  possible; 
but,  unfortunately,  the  water  supply  is  lowest  in  summer.  One 
of  the  great  problemB  of  the  future,  in  which  the  entire  country  is 
interested,  is  how  to  store  the  winter  rain  and  melting  snow  for 
use  in  summer.  The  government  is  now  at  work  on  this  problem, 
and  reservoirs  are  being  built  which  will  supply  water  to  reclaim 
thousands  of  Bquare  miles  of  aiid  land.  In  this  way  the  West  may 
be  made  to  support  a  much  larger  population. 

The  mountain  rocks  contain  great  stores  of  mineral,  only 
portions  of  which  have  been  developed.  No  part  of  the  world 
equals  this  section  in  the  production  of  precious  metals ;  and, 
in  addition,  much  copper,  lead,  and  zinc  are  obtained.  Coal, 
oil,  gas,  iron,  salt,  building  stone,  and  many  other  mineral 
products,  though  found  in  many  places,  are  not  yet  produced 
in  large  quantities.  They  are  among  the  undeveloped  re- 
sources of  United  States. 

Scattered  through  the  Far  West  are  many  thriving  towns 
and  cities  (Figs.  133,  190),  some  engaged  in  mining,  some 
in  manufacturing,  and  all  serving  as  distributing  centers  for 
surrounding  sections.  Of  these  the  largest  are  Denver,  at 
the  eastern  base  of  the  Rocky  Mountains,  Salt  Lake  City  in 
Utah,  and  several  cities  on  the  Pacific  slope.  Denver  is  a 
railway  center  and  an  important  distributing  and  manufac- 
turing center  for  a  great  mineral  section. 
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On  the  Pacific  slope  are  Seattle,  Tacoma,  and  Portland, 
manufacturing  and  shipping  points  for  a  productive  agri- 
cultural country.  Their  harbors,  like  that  of  San  Francisco 
(Fig.  SoO),  have  been  caused  by  sinking  of  the  land.  The 
great  agricultural  and  mineral  resources  of  California  have 
made  San  Francisco  a  busy  manufacturing  and  shipping 
center,  already  ranking  in  size  as  the  ninth  city  in  the 
country.  With  the  growing  trade  across  the  Pacific,  this 
city  seems  destined  to  take  a  still  higher  rank. 

The  Far  West  is  justly  noted  for  its  magnificent  scenery.  2*o 
part  of  the  world  rivals  in  grandeur  the  canyon  of  the  Colorado 
(Figs.  1,  139,  478) ;  in  no  part  of  the  world  is  there  the  equal  of 
the  Yellowstone  Park,  with  its  Lot  springs  (Figs,  243,  474),  gey- 
sers (Figs.  244,  473),  and  canyons  (t'ig.  480);  nowhere  is  there 
another  Yosemite  (Fig.  475).  But  these  are  only  some  of  the 
best  known  of  the  points  of  scenic  interest  in  the  West.  Sym- 
metrical volcanic  cones  (Figs.  214, 215),  rugged  peaks  and  glaciers, 
and  grand  mountain  valleys  (Figs.  5~,  66,  472)  and  lakes,  whose 
surroundings  are  nowhe're  excelled  in  picturesqueness,  are  found 
in  various  parts  of  the  West.  Each  year  the  stream  of  travel 
toward  these  centers  of  scenic  attraction  increases. 

The  dry  climate,  unfavorable  to  agriculture,  is  favorable  to 
health;  and,  consequently,  many  parts  of  the  West  —  Colorado, 
New  Mexico,  Arizona,  and  southern  California,  especially  —  are 
much  frequented.  The  city  of  Los  Angeles  owes  a  large  part 
of  its  growth  to  the  number  of  people  who  have  gone  there  in 
search  of  a  healthful  climate.  The  climate  of  southern  California 
is  so  sunny  and  balmy,  like  that  of  the  Mediterranean,  that, 
wherever  irrigation  is  possible,  the  orange  grows  to  perfection. 
It  is  one  of  the  most  attractive  parts  of  the  country. 

Summary.  —  Excpt  in  the  northicesttm  part,  and  on  some  hitjk 
plateaus  and  mountain,  dopes,  the  plateau  and  mountain  area  of 
the  West  has  a  climate  too  dr>f  for  agriculture  wilhmit  irrigation, 
^uch  of  it  is,  therefore,  esaentiallt/  a  grazing  region.  The  buHding 
of  reservoirs,  to  store  the  tulitter  and  spring  floods  for  iise  in  summer, 
is  greatly  increasing  the  area  of  agricuUurai  land.     The  West  ia  an 
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important  mineral  belt,  being  the  greatest  producer  of  precious  metali 
in  lite  world.  Of  the  cities,  ike  largest  in  the  eastern  Bockies  i> 
Denver.  On  the  Pacific  slope  are  several  cities,  of  which  San  Fran- 
cisco is  the  largest,  having  a  fine  location,  on  a  splendid  hai'bor,  the 
outlet  of  a  productive  country.  Tlie  West  is  noted  for  its  wonderful 
scenery,  especially  the  Colorado  Canyon,  Yellowstone  Park,  and 
Yosemite  valley;  the  arid  dimale  also  makes  the  Southwest  a  favorite 
health  resort. 

Topical  Octlike  and  Review  Questions. 

Topical  Octlink.  — 194.  K«w  Bagland.  —  (a)  Surface  features; 
rocks;  effect  of  denudation;  monodnocks;  uplift;  nature  of  valleys;  min- 
eral products,  (b)  Formiitg:  glacial  soil;  reasons  for  forests;  small  farms; 
food  Bupplj.  (c)  Mauufacturing ;  water  power;  lakes,  (d)  Coastline: 
cause  for  inegularit;;  fishing;  ship  building;  summer  resorts;  naviga- 
tion; effect  on  manufacturing;  comparison  with  Norway.  (_e)  Cities: 
location  ;  Boston ;  reasons  for  growth.  (/)  Comparison :  with  Scan- 
dinavia;  with  Great  Britain. 

"  105.  ITew  York. —  (a)  General  features:  four  divisions;  glacial 
action;  agriculture;  mineral  resources;  manufacturing,  (b)  Adiron- 
dacks:  forests;  manufacturing;  mineral;  summer  resorto.  (c)  Plat«au 
region  :  uplands ;  valleys ;  agriculture ;  railways ;  cities,  (d)  Lake 
plains:  cause  of  levelness;  farming;  Krie  Canal  route;  cities;  valleys 
leading  into  the  plateau,  (e)  Largest  two  cities :  influence  of  canal ; 
causes  of  growth,  (/)  New  York :  cause  of  harbor ;  water  communi- 
cation with  New  England ;  with  the  inteiior ;  peculiar  situation ;  effect 
on  liomes;  on  transportation. 

196.  The  Coastal  Plains.  —  Extent;  surface  features;  agriculture;  min- 
eral wealth;  coast  line;  interior  navigation ;  railway  transpoi-tation;  loca- 
tion of  cities;  instances. 

197.  The  Piedmont  Belt.  —  Surface  features;  peneplain;  soil;  agri- 
culture; Fall  Line  cities !  Philadelphia  and  Baltimore ;  Atlanta. 

198.  The  AppAlachian  Belt,— (a)  Surface  features :  extent;  two  divi- 
sions; ruggedness;  effect  as  harriers ;  river  gaps.  (6)  Industries:  lum- 
ber ;  agriculture ;  mineral  resources,  (r)  Cities :  Pittaburg  and  Allegheny ; 
Scranton  ard  Wilkes  Barre;  Birmingham. 

199.  The  Central  Plains.  —  (n)  Surface  features ;  eitent;  cause  of  lev- 
elness; mountain  areas;  broad  valleys;  navigable  rivers;  effect  of  glacier; 
Great  Lakes  water  route,  (ft)  Industries:  agriculture;  lumbering; 
grazing;  mineral  resources;  manufacturing,  (e)  River  cities:  St  Louis; 
Ciooiunati ;  Louisville ;  advantages  of  location  of  St.  Louis ;  St.  Paul  and 
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Minneapolis;  New  Orleans;  Fittaburg.  ((f)  Lake  cities:  cities  on  the 
lakes;  importance  o£  situation  on  the  lakes;  location  of  Duluth-Supe- 
lior;  Buffalo;  Toronto;  Montreal;  Cleveland;  Toledo;  Detroit;  Mil- 
waukee; Chicago,  —  origin  of  harbor,  position,  commerce,  Huriouiidiog 
country,  railway  center,  manufacturing  and  distributing  center. 

200.  The  Far  West.— (a)  Surface  features:  plateaus;  mountain 
ranges.  (4)  Climate  and  agriculture:  arid  climate,  —  grazing,  deaert; 
humid  sections, —  location,  forests,  agriculture;  irrigation;  storage  reser- 
voirs, (c)  Mineral :  precious  metal ;  other  minerals,  (d)  Cities ;  Den- 
ver; Seattle;  Tacoma;  Portland;  San  Francisco,  —  its  harbor,  region 
tributary,  growth  of  city,  (e)  Scenery :  Colorado ;  Yellowstone ;  Yosem- 
itei  other  attractions.     (/)  Health:  favorable  climate ;  Los  Angeles. 

Review  Quebtiomb.  — 194.  What  are  the  surface  features  of  the  up- 
lands? What  is  a  monadnock?  What  is  the  condition  of  tlie  valleys? 
Why?  What  mineral  products  are  there?  What  effects  had  the  icesheet 
on  IJie  soil?  Explain  the  condition  of  farming.  What  effect  has  this  on 
food  supply?  What  conditions  have  favored  manufacturing?  Explain 
the  irregular  coast.  What  important  effects  has  this  coast?  Where  are 
the  cities  located  1  What  conditions  have  favored  the  growth  of  Boston  1 
Compare  New  England  with  Scandinavia  and  Great  Britain. 

195.  What  are  the  four  divisions  of  the  state?  What  effect  has  the 
glacier  had?  What  are  the  natural  resources?  What  is  the  condition 
and  what  are  the  industries  of  the  Adirondacks?  What  is  the  condition 
on  the  plateau  npland?  In  the  valleys?  Where  are  the  cities  of  the 
plateau  section?  What  causes  the  levelness  of  the  lake  plains?  What 
are  the  industries  there?  What  effect  has  the  Erie  Canal?  What  is  the 
condition  of  the  valleys  leading  into  the  plateau  ?  Why  have  cities 
grown  at  the  two  ends  of  the  water  route  ?  What  conditions  of  physiog- 
raphy have  favored  the  growth  of  New  York  City?  What  effect  has  the 
peculiar  location  of  the  city  on  homes?    On  transportation? 

IM.  What  is  the  condition  of  the  coastal  plains?  What  about  agri- 
culture? Mineral  wealth?  What  is  the  condition  of  the  coast  line? 
What  favors  internal  navigation?     Where  are  the  cities  ? 

197.  Explain  the  surface  features  of  the  Piedmont  belt.  What  is  the 
condition  of  agriculture?  What  accounts  for  the  greatness  of  Phila- 
delphia and  Baltimore?     What  accounts  for  the  growth  of  Atlanta? 

198.  What  are  the  two  divisions?  What  are  the  surface  features? 
How  is  this  rugged  barrier  crossed  ?  What  are  the  resources  of  the  belt  ? 
What  conditions  have  favored  the  growth  of  Pittahurg  and  Allegheny? 
Scranlon  and  Wilkes  Barre?    Birmingham? 

199.  Why  are  these  plains  level?  Where  are  the  mountainous  sec- 
tions?   Why  are  the  rivers  favorable  to  navigation,  and  the  valleys  to 
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settlement?  What  effects  had  the  ice  sheet?  Of  what  importance  is 
the  lake  route?  What  conditionB  favor  agriculture?  Where  are  forests 
fonnd?  What  is  the  conditioD  ia  the  western  part?  What  important 
mineral  resources  are  there?  What  conditions  favor  mannfacturiug? 
IxKiata  the  three  largest  river  cities.  How  is  the  situation  of  St.  Louis 
especially  favorable?  What  advantages  of  location  have  St.  Paul  and 
Minneapolis?  How  are  New  Orleans  and  Fitteburg  related  to  this 
r^on?  Name  and  locate  the  leading  lake  cities.  What  general  advan- 
tt^B  do  the;  share?  What  especial  reason  is  there  for  the  growth  of 
each?  What  is  the  reason  for  the  eiact  location  of  Chicago?  'What 
special  advantages  has  it? 

200.  What  are  the  surface  features?  What  is  the  general  condition 
of  tlie  climate?  What  is  the  effect  of  this  on  industry?  Where  are  the 
bumid  sections?  Why  are  storage  reservoirs  necessary?  What  valuable 
minerals  are  found?  For  what  is  Denver  important?  Seattle,  Tacoma, 
and  Portland?  What  causes  the  harbors?  What  has  favored  the  growth 
of  San  Francisco  ?  What  scenic  attractions  are  there  in  the  Wert?  In 
what  way  is  the  dry  climate  favorable?  What  effect  has  this  had  on 
Los  Angeles? 

Sefeience  Books. — Powell,  Phy»!ographie  Regions  of  the  UnUed  Slates, 
National  Geographic  Monographs,  American  Book  Co.,  New  York,  1895, 
92.50;  Shalek,  United  Stales  of  America,  Applelon  k  Co.,  New  York, 
18M,  910.00;  Mill,  International  Geography,  Appletou  &  Co.,  New  York, 
1899,  8-3.50;  Tarr  ^  McMurry  Geographies,  Second  Book,  Macmillan 
COt  New  York,  1900,  10.75 ;  Davib,  Physical  Geography  of  Southern 
AVur  England,  National  Geographic  Monographs,  American  Book  Co., 
New  York,  189o,  82.50;  Emerson,  Neto  England  Supplement,  Tarr  fr 
McMurry  Geographies,  MacmUlan  Co.,  New  York,  1901,  #0.30;  Takr, 
Physical  Geography  of  New  York  State,  Chapter  I,  Physiographic  Features, 
Macmillan  Co.,  New  York,  1902,  |3.i)0;  Same,  Chapter  Xll,  Influence  of 
Physiographic  Features  upon  Industrial  DeBtlopment;  Whitbeck,  New 
York  Supplement,  Tarr  fr  MeMurry  Geographies,  Macmillan  Co.,  New 
York,  1901,  fO.30  (also  other  State  Supplemente  to  Tan  &  McMuiry 
Geographies);  Kemp,  Ore  Deposits  of  United  States  and  Canada,  En- 
gineering and  Mining  .lournal.  New  York,  1893,  #4.00;  Tarr,  Economic 
Geology  of  UnUed  Slates,  Macmillan  Co.,  New  York,  fourth  edition,  1903, 
93.50. 
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CHAPTER  XVI. 

RIVBBS   OF  UNITED  8TATBS. 

Almost  the  entire  United  States  is  tributary  to  seven 
large  river  systems  (t'ig.  479)  and  a  series  of  smaller  streams, 
most  of  which  flow  eastward  or  southward  into  the  Atlantic 
and  Gulf.  The  greatest  amount  of  drainage  is  into  tbe 
Atlantic,  including  the  Mississippi,  which  drains  two  fifths 
of  the  whole  country  ;  next  in  area  is  tlie  Pacific  drainage; 
while  a  small  section  drains  into  the  Arctic  through  the  Red 
River  of  the  North,  As  has  been  shown  in  previous  chap- 
ters, the  river  systems  have  been  highly  important  factors  in 
the  development  of  the  country.  They  have  been  a  Bource 
of  food ;  they  have  supplied  water  power ;  and  they  have 
served  as  pathways  of  exploration  and  commerce.  The 
present  chapter  considers  this  subject   more  specifically. 

201.  The  Colombia.  — The  Columbia  rises  on  the  western 
slopes  of  the  Rocky  Mountains,  fiow8  across  an  arid  region, 
and  enters  the  sea  in  a  region  of  abundant  rainfall.  Its 
length  is  1400  miles,  and  it  drains  over  200,000  square 
miles.  The  lower  Columbia  is  formed  by  the  union  of 
two  rivers,  the  Columbia  and  Snake.  From  the  Rocky 
Mountains  to  the  Cascades,  both  the  Snake  from  the  south 
and  the  Columbia  from  the  north  flow  across  a  vast  lava 
plateau  (p.  125).  These  rivers  and  their  tributaries  have 
cut  young  canyon  valleys  in  this  plateau  (Fig,  476),  in  some 
places  2000  to  8000  feet  deep,  out  of  which  it  is  impossible  to 
lead  the  water  for  irrigation.  Tliere  are  many  rapids  and 
falls,  including  the  Shoshone  Falls,  so  that,  throughout  the 
greater  part  of  their  course,  the  rivers  are  uonavigable. 
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Instead  of  eervlng  as  pathways,  these  caDyon  valleys  are 
barriers  to  passage  ;  but  in  its  lower  course  the  Columbia 
is  an  important  aid  to  travel,  for  it  crosses  both  the  Cascade 
and  Coast  Ranges,  thus  opening  gaps  across  these  moun- 
tains, which  a  railway  follows.  Sinking  of  the  land  has 
admitted  the  tide  for  over  100  miles,  as  far  as  Portland  ; 
and  navigation  by  river  boats  is  possible  up  the  river  even 
above  the  junction  of  the  Columbia  and  Snake  (Fig.  481). 

La^e  numbers  of  salmon  pass  up  this  river  to  lay  their  eggs, 
or  spawn ;  and  the  catching  and  canning  of  these  fish  is  an  im- 
portant industry  along  the  lower  course  of  the  Columbia. 

Somnuiy.  —  TAe  union  of  the  Columbia  and  Snake  rivers  makes 
a  great  river  system.  In  their  upper  parts  these  rivers  occupy  canyoTts 
in  a  broad  lava  plateau,  and  these  valleys  are  barriers  to  travel;  but 
the  lower  river  is  navigable,  opening  a  pathway  across  the  motai- 
tains,  and  admiUing  ocean  boats  for  100  miles,  as  far  as  Portland. 

202.  The  Sacramento. — The  extensive  fertile  valley  of 
California  (Fig.  114),  between  the  Sierra  Nevada  and  Coast 
Ranges,  is  drained  by  the  Sacramento  River  where  it  crosses 
the  mountains  at  the  Golden  Gate.  Sinking  of  the  land  has 
ndmitted  the  sea,  forming  San  Francisco  Bay  and  connecting 
the  valley  of  California  with  the  sea  (Fig.  850).  The  Sacra- 
mento is  400  miles  long  and  has  a  drainage  area  of  about 
58,000  square  miles.  It  is  made  by  the  union  of  two  rivers 
which  extend  along  the  great  valley,  —  the  Sacramento  from 
the  humid  north,  the  San  Joaquin  from  the  arid  south.  For 
some  distance  each  is  navigable  to  small  boats. 

These  rivers  are  fed  by  short  streams  from  the  inclosing  moun- 
tains, where  they  occupy  canyons.  At  the  base  of  the  mountains 
these  tributaries  are  building  low  alluvial  fans,  and  are  engaged  in 
slowly  filling  the  great  valley  (p.  68).  Over  the  alluvial  fans  the 
streams  flow  in  shallow  valleys,  from  which  water  la  easily  led  for 
purposes  of  irrigation.  The  water  of  the  mountain  streams  is  also 
used  in  hydraulic  mining  for  washing  gold  from  the  river  gravels. 
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Sttinmuy. —  The  Sacramento,  formed  by  union  of  the  San  Joaquin 
and  Sacramento,  is  fed  by  small  mountain  streams  witose  water  is 
vaeful  for  irrigation  and  for  kydraidic  mining.  Breaking  through 
the  Coast  Ranges  at  the  Golden  Gate,  this  river  conrtetts  the  great 
California  valley  with  the  ocean. 

203.  The  Colorado. —The  Colorado  River,  like  the  Nile, 
has  its  source  among  mountains  which  supply  it  with  so 
much  water  that  it  is  able  to  flow  completely  across  a  vast 
stretch  of  arid  and  desert  country.  Its  length  is  about  2000 
miles,  and  it  drains  about  225,000  square  miles,  being  formed 
by  the  union  of  two  large  streams,  —  the  Grand  and  Green. 
For  fully  half  its  length  the  Colorado  flows  in  canyons  cut  in 
a  high  plateau,  which  in  places  is  over  8000  feet  above  sea 
level.  The  depth  of  the  canyons  varies  from  a  few  hundred 
feet  to  over  6000  feet  in  the  Grand  Canyon,  which  is  over 
200  miles  long  (p.  82).  At  the  lower  end  of  the  Grand 
Canyon  the  country  becomes  open  and  the  river  crosses  fully 
300  miles  of  desert  to  the  Gulf  of  California.  In  its  lower 
course  the  river  flows  over  a  floodplain  and  delta. 

Without  exception  the  Colorado  is  the  most  remarkable  river 
in  the  world  (Figs.  1,  139,  477,  478).  No  other  canyon  equals 
the  Grand  Canyon  in  size  or  grandeur.  For  long  distances  it  is 
impossible  to  descend  to  its  bottom  over  the  precipitous  sides, 
and  the  canyon  forms  an  absolute  barrier  to  travel.  It  would 
make  an  excellent  boundary  i>etween  countries.  Only  by  under- 
going the  utmost  hardships  and  dangers  is  it  possible  to  pass 
through  the  canyon,  and  few  explorations  in  America  have  been 
more  daring  than  that  of  Major  Powell's  party,  which  made  the 
first  descent  (Fig.  139). 

On  both  sides  rise  steep,  impassable  precipices,  often  from  the 
water's  edge ;  and  the  river  tumbles  over  a  succession  of  rapids,  in 
which  it  is  almost  impossible  for  a  boat  to  live,  Here  and  there 
short  tributaries  enter,  with  slopes  so  steep  that  the  occasional 
heavy  rains  wash  large  bowlders  down  them  into  the  main  stream. 
These  form  one  of  the  chief  causes  for  the  rapids, 

A  mile  of  successive  rock  strata  is  revealed  in  this  enormous 
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^sh  in  the  crust,  and  at  tt)eir  base  is  a  buried  mountain  area, 
once  dry  land,  now  covered  by  a  thick  series  of  sedimentary 
strata.    The   river  is  flowing  with  so  steep  a  slope  that  It  is 
rapidly  cutting  its  canyon  deeper,   and  weathering   is  wasting 
back  the  cliffs,  which  form  a  multitude  of  irregular  and  rugged 
mesas,  buttes,  ridges,  and  spui-s.    Where  hard  rocks  outcrop,  there 
are    steep    cliffs  j    where 
weaker  layers  occur,  the 
slopes  are  gentler;  where 
the    cliffs     have     wasted 
back,    flat    terraces    often 
extend   from   their   base; 
and  everywhere  there  is  a 
wonderful  and  varied  col- 
oring  of  the   rock    walls. 
In  places,  where  the  cliffs 
have  wasted  back,  the  can- 
yon  slope   consists   of   a 
series  of  hard  rock  terraces 
with  level  tops  and  steep 
fronts.    This  is  especially 
true  of  the  older,  upper 
portion  where    the    cliffs 
have  wasted  farther  back. 
In  this  arid  country  few 
large  tributaries  enter  the 
river,  and  these  bring  little 
water,  for  throughout  most 
of  the  area  the  annual  rainfall  is  less  than  10  inches.     All  the 
larger  tributaries  are  from  the  southern  and  eastern  sides,  because 
the  river  flows  so  near  the  edge  of  the  arid  Great  Basin  that  tribu- 
taries from  that  side  must  be  few  and  small.    These  tributaries 
themselves  are  in  canyons,  and  between  them  are  broad  areas  of 
tableland  with  many  mesas  and  butt«s,  —  a  typical  young,  arid 
land  plateau  (p.  81), 

SuicBiMy.^T^  Colorado,  fed  by  raina  and  snows  from  the 
Bidcy  Mountains,  Jlotos  for  neariy  2000  miles  across  an  arid  and, 
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in  places,  a  desert  country,  for  a  targe  part  of  the  distance  in  deep 
canyons  sunk  in  the  plateau.  The  Orand  Canyon  has  a  depth  of 
6000  feet.  Its  sleep  sides  are  often  impasBable,  and  they  are  carved 
and  sculptured  into  a  great  variety  of  forms.  There  are  few  targe 
tributaries,  and  tliese  bring  HtUe  water. 

201.   Tbo  Great  Basin.  —  The  Great  Basin,  a  region  of  interior 

drainage  with  an  area  of  over  200,000  square  miles,  lies  between 
the  Kocky  and  Sierra  Nevada  mountains.  It  is  bounded  on  the 
north  by  the  Columbia  plateau,  and  on  the  south  by  the  Colorado 
plateau.  A  number  of  disconnected  parts  unite  to  form  this 
general  basin,-  one  of  them,  Death  Valley,  being  below  sea  level. 
The  surface  of  the  Great  Basin  is  crossed  by  a  number  of  short 
mountain  ranges,  known  as  the  Basin  Banges. 

The  entire. region  ia  arid,  and  tu  places  a  true  desert  (Fig.  150). 
The  shoi-t,  mountain  streams  quickly  disappear,  either  by  evapo- 
ration or  by  percolation  into  the  loose  gravels  of  their  alluvial 
fans.  Some  of  the  streams  terminate  in  salt  lakes,  such  as  Great 
Salt  Lake ;  others  in  alkali  flats  or  playa  lakes  (p.  169). 

There  is  too  little  water  for  extensive  irrigation,  and,  conse- 
quently, most  of  the  Great  Basin  is  sparsely  settled.  The  most 
thickly  settled  part  is  the  fertile,  irrigated  region  of  which  Salt 
Lake  City  (Fig.  133)  is  the  center.  If  the  rainfall  were  greater, 
water  would  gather  in  the  basins,  forming  several  hundred  lakes. 
During  the  glacial  period,  when  the  climate  of  the  Great  Basin  was 
moist,  large  fresh-water  lakes  filled  some  of  these  basins  (p.  164). 

Summary.  — 7Ke  Great  Basin  ia  an  arid  region  of  interior  drain- 
age, consisting  of  a  number  of  smaller  basins.  It  ia  in  places  true 
desert,  and,  for  the  most  part,  sparsely  settled. 

205.  The  Rio  Grande.  —  This  river  resembles  the  Colorado  in 
some  respects.  It  is  almost  as  long  (1800  miles),  and  has  a  greater 
drainage  area  (240,000  square  miles).  Like  the  Colorado,  the 
Rio  Grande  receives  so  large  and  permanent  a  water  supply  from 
its  mountain  sources  that  it  is  able  to  flow  across  an  arid  country 
to  the  sea.  Like  the  Colorado,  too,  it  has  cut  deep  canyons  in  the 
plateau;  but  they  are  neither  so  deep,  so  long,  nor  so  continuous 
as  the  canyons  of  the  Colorado.    In  a  number  of  sections  the 
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valley  broadens,  and  is  bordered  by  Soodplaina  and  \ow,  terraced 
land,  over  which  the  river  water  is  easily  led  for  irrigation.  There- 
fore, from  Colorado  to  Mexico,  there  are  many  irrigated  sections 
and  numerous  thriving  towns  and  cities.  The  only  large  tributary 
is  the  Rio  Pecos,  which  reaemblBS  the  main  river. 

Owing  to  the  openness  of  parts  of  its  valley,  and  the  sandy 
nature  of  its  bed,  the  Bio  Grande  loses  much  of  its  volume  in 
crossing  the  arid  country  and  is  sometimes  dry  in  summer.  But 
in  winter  and  spring  it  is  a  large  river,  rising  especially  high 
during  the  melting  of  the  mountain  snows.  It  is  always  heavily 
chafed  with  sediment,  and  in  places  is  ^grading  its  valley.  At 
its  mouth  a  delta  is  being  built,  causing  a  slight  bulge  in  the 
coast  line  (Fig.  371).  In  its  lower  portion  the  Bio  Grande  is 
navigable  to  small  boats ;  but  at  present  this  is  of  little  use,  since 
that  region  is  arid  and  sparsely  settled. 

Summuy.  —  The  Rio  Orande,  supplied  with  water  from  the 
Rocky  Mountains,  fiowa  across  an  arid  region  to  the  sea,  receiv- 
ing  oiily  one  large  tributary,  the  Pecoa.  Its  course  is  marked  by 
alternate  canyons  and  open  valleys,  which  are  irrigated  and  well 
eetOed. 

206.  The  HisslsBlppl  System, — -This  vast  river  system, 
the  longest  and  one  of  the  largest  in  the  world,  has  a  length, 
including  the  Missouri,  of  4300  miles  and  a  drainage  area 
of  1,250,000  square  miles.  It  receives  a  large  number  of 
tributaries,  some  very  long,  including  the  Red  (1200  miles 
long),  Arkansas  (2170  miles),  Missouri  (3000  miles),  and 
Ohio  (975  miles).  Each  o£  these  tributaries  has  large 
feeders,  some  of  them  great  rivers;  for  example,  the  Platte 
(900  miles)  and  the  Yellowstone  (1100  miles)  are  tributaries 
of  the  Missouri.  There  are  over  10,000  miles  of  navigable 
water  in  the  Mississippi  system  (Fig.  481), 

The  Mississippi  valley  is  a  broad  depression,  a  lowland  left 
by  the  greater  uplift  of  the  land  on  either  side.  Most  of  the 
streams  follow  consequent  courses  down  the  slopes  of  these  up- 
lifted sides.    This  depression  has  existed  for  many  ages,  at  first 
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as  an  interior  sea,  into  which  sediment  was  brought  by  streama 
from  the  neighboring  highlands;  later  it  was  transformed  by 
uplift  to  dry  land  plains. 

As  a  whole,  the  Mississippi  valley  may  be  considered  a 
mature  valley,  approaching  old  age  in  its  lower  parts  and 
youth  in  its  upper  tributaries,  where  recent  changes  have 
rejuvenated  the 
streams.     The  re- 
juvenation    has 
caused  many  can- 
yons,    in      which 
there  are  falls,  like 
the  Great  Falls  of 
the  Missouri.    One 
of  the  most  noted 
canyons  is  that  of 
the  Yellowstone,  at 
the  head  of  which 
are       Yellowstone 
Falls   (Fig.  480), 
located  in  the  lava  plateau  of  Yellowstone  National  Park.     In 
many  places  volcanic  accidents  and   mountain   uplift   have 
rejuvenated  the  mountain  tributaries.     There  are  numerous 
instances  where  the  rivers  cut  across  mountain  ranges  ;  for 
example,    the   Missouri   in  Montana,  and  the   Arkansas   in 
Colorado,  forming  the  famous  Royal  Gorge  of  the  Arkansas. 

Like  the  Colorado  and  Rio  Grande,  the  western  tributaries  are 
supplied  with  abundant  water  from  the  mountains,  especially  in 
spring,  when  they  become  20  or  30  times  as  high  as  at  the 
low  water  stage  of  autumn.  Only  about  one  ninth  of  the  rainfall 
is  carried  across  the  arid  plains,  so  much  are  the  streams  reduced 
by  evaporation.  This  water  is  of  great  value  for  irrigation,  and, 
by  storage,  will  make  the  plains  still  more  valuable. 

So  much  sediment  is  supplied  to  these  rivers,  and  ao  much  water 
for  carrying  it  is  lost  by  evaporation  and  seep^^,  that  the  streams 
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are  all  muddy.  The  Platte  is  so  burdened  that  it  is  aggrading  its 
bed,  and  doing  it  with  such  rapidity  that  the  rirar  is  embarrassed 
in  passing  through  its  own  depoaits  (Fig.  112).  The  Red  Biver 
receives  its  name  from  the  color  of  its  sediment;  and  the  turbid 
IVlissouri  is  often  called  the  "  Big  Muddy."  At  their  junction,  the 
Mississippi  has  about  as  much  water  as  the  Missouri ;  but  since 
it  has  less  sediment,  it  is  able  to  more  down  stream  that  which  the 
Missouri  brings. 

The  Ohio  drains  part  of  the  Alleghany  plateau  on  one 
side  and  of  the  Central  Plains  on  the  other.  Since  the  cli- 
mat6  of  its  valley  is  humid,  with  a  rainfall  of  over  40  inches 
a  year,  the  Ohio  carries  more  water  than  the  Missouri. 
The  water  supply  varies  greatly,  being  least  during  summer 
droughts,  when  the  river  may  be  only  2  or  3  feet  deep,  and 
most  in  spring  when  the  snows  are  melting.  It  may  then 
reach  a  depth  of  from  50  to  60  feet  (Fig.  99). 

The  Ohio  and  most  of  its  tributaries  occupy  mature  val- 
leys; but  those  in  the  plateau  are  deep  and  steep-sided, 
dissecting  the  plateau  into  the  rugged  condition  of  early  ma- 
turity (p.  84).  Throughout  most  of  its  course  the  Ohio  is 
bordered  hy  a  floodplain,  behind  which  bluffs  rise  to  a  height 
of  200  or  300  feet.  This  is  an  excellent  farming  country,  and 
the  valley  is  easily  followed  by  railways.  The  river  is  navi- 
gable even  above  Pittsburg,  though  in  some  places  rapids 
have  made  canals  necessary. 

The  upper  Mississippi  resembles  the  Ohio  in  most  impor- 
tant respects.  In  both  cases  the  valleys  have  been  seriously 
influenced  by  the  glacier,  which  has  caused  rapids  and  falls. 
In  its  headwaters,  the  Mississippi  passes  through  a  series 
of  lakes  and  swamps  of  glacial  origin. 

Below  the  junction  of  the  Mississippi  and  Ohio  at  Cairo, 
the  Mississippi  flows  in  a  Soodplain  which  it  is  building  up 
because  it  has  more  sediment  than  it  can  carry  down  the 
gentle  grade.  This  floodplain,  bordered  by  low  bluffs,  is 
about  600  miles  long  and  from  20  to  75  miles  wide.     Mem- 
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phis  and  Vidsburg  are  situated  on  the  eastern  bluff,  at 
points  where  the  river  swings  against  it.  Over  this  im- 
mense, fertile  floodplain  the  river  swings  in  a  series  of  mean- 
ders, often  as  much  as  5  miles  in  diameter.  These  nearly 
double  the  length  of  the  lower  river. 

The  river  is  slowly  changing  its  position  in  the  Soodplain,  and, 
now  and  then,  the  neck  of  a  meander  is  cut  off  and  a  ring-shaped 
ox-bow  lake  is  left.  There  are  many  such  lakes  which  are  slowly 
being  filled  with  sediment.  Floods,  seep^e  from  the  river,  and 
lack  of  drain^e  on  the  level  floodplain  cause  the  abandoned 
channels,  or  bayous,  and  other  low  places,  to  remain  either  as 
lakes  or  swamps  (Fig.  30S) ;  the  higher  parts  are  drier  and  make 
excellent  farm  land.  At  times  of  great  flood,  when  the  river 
may  rise  from  30  to  60  feet,  the  water  sometimes  opens  gaps,  or 
crevaseeB,  in  the  levees  which  men  have  built  to  confine  tiie  river. 
Then  the  water  tears  away  the  levees,  spreading  over  the  flood- 
plain  and  doing  great  dam^e.  It  is  the  deposits  made  during 
such  inundations  that  are  building  up  the  floodplain. 

Sediment,  washed  from  the  slopes  of  the  entire  MiasiBsippi 
system,  has  built  a  large  delta  at  its  mouth  (Fig.  105).  This 
is  still  growing  outward,  for  each  year  enough  sediment  is 
poured  into  the  Gulf  to  build  a  pyramid  a  mile  square  at  the 
base  and  268  feet  high.  Most  of  the  delta  ia  too  low.level,  and 
marshy  for  habitation,  and  over  it  the  river  flows  sluggishly 
through  a  series  of  distributaries.  Sediment  ia  constantly 
being  deposited  on  the  river  bed,  interfering  with  navigation, 
especially  at  the  river  mouth.  To  check  t\i\s,jettie»  or  piers 
have  been  built  at  one  of  the  moutlis,  or  pastet,  in  order  to 
confine  the  current  and  cause  it  to  flow  rapidly  enough  to 
keep  the  channel  open  for  large  vessels. 

Sommary.  —  The  Mississippi,  with  its  many  large  tribvtariea,  occu- 
pies a  vailey  left  as  a  lowland  by  the  greater  uplift  of  the  aides.  It 
IS,  on  the  tchole,  mature;  but  rejuvenat.i07),  by  volcanic  action  and 
by  fipliff,  has  occurred  in  many  of  its  lieadwalers.  The  tributaries 
wkick  cross  the  arid  western  plains  are  supplied  with  teater  from 
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the  mouvtaina,  which  is  of  value  for  irrigation ;  they  bring  much  sedi- 
7nent,  The  Ohio  and  upper  Mississippi  valleys  are  maiure,  hava 
abundant  rainfall,  and  are  excellent  agricultural  regions.  They  have 
been  affected  by  glaciation.  Below  Cairo  is  a  bi-oad  fioodjUain, 
between  bluffs,  and  farther  cloim  a  delta,  both  made  of  sediment 
brought  by  tlie  river.    Wltere  dry  enough,  both  are  excellent  farm  land. 

207.  Smaller  Streams  of  the  East- — From  the  Bio  Grande  to 
northern  Maine  there  are  a  large  number  of  small  streams,  includ- 
ing the  Colorado  aud  Brazos  of  Texas,  the  Alabama,  James,  Poto- 
mac, Susquehanna,  Delaware,  Hudson,  and  Connecticut.  South 
of  the  Hudson  their  lower  courses  are  across  the  coastal  plains, 
in  shallow  valleys  consequent  on  the  slope  of  the  plains.  Sink- 
ing of  the  land  lias  made  most  of  the  larger  streams  navigable 
in  their  lower  courses.  In  some  cases,  especially  in  the  North, 
where  sinking  of  the  land  has  been  greatest,  vessels  can  pass  far 
inland.  The  importance  of  this  is  well  illustrated  by  the  Chesa- 
peake, Delaware,  and  Hudson  valleys. 

From  Alabama  northward  the  headwaters  of  the  large  streams 
are  either  in  or  west  of  the  mountains.  This  fact  has  been  of 
great  importance  in  many  cases,  since  it  has  opened  water  gaps 
into  and  across  the  mountains  (pp.  309  and  391),  North  of  New 
Jersey  the  streams  have  all  been  rejuvenated  by  the  effects  of  the 
glacier,  and  their  courses  obstructed  in  places  by  rapids,  falls,  and 
lakes,  the  importance  of  which  has  already  been  pointed  out. 

Sommary. — Asa  result  of  sinking  of  the  land,  many  ofihemaall 
breams  of  the  East  are  navigable  in  tlieir  lower  courses  ;  some  fur- 
nish openings  into  and  across  the  Appalachians ;  and  in  the  North, 
glaciation  has  caused  many  rapids,  fails,  and  lakes. 

208.  The  St.  Lawrence  System.  —  This  remarkable  river 
system  includes  five  of  the  largest  eight  fresh-water  lakes  in 
the  world  (p.  162).  These  are  connected  by  short  rivers  and 
straits,  in  several  cases  containing  rapids  or  falls,  including 
the  wonderful  Niagara.  The  lake  basins  are  very  deep  (p.  161), 
the  bottoms  of  all  bnt  Erie  being  below  sea  level. 

The  St.  Lawrence  flows  out  of  Lake  Ontario,  not  in  a  well- 
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defined  valley,  but  straggling  over  a  low,  hilly  land,  the  higher 
parts  of  which  rise  above  the  water  as  the  so-called  Thousaud 
Islands.  From  this  point  down  to  Montreal  the  river  consists 
of  a  series  of  broad,  lake-like  expanses,  with  intervening  rap- 
ids around  which  canals  have  been  built.  The  lowest,  or  the 
Lachine  Rapids,  are  just  above  Montreal!  and  thence,  onward 
to  the  sea,  there  is  uninterrupted  navigation  through  a  broad 
valley,  into  which  the  tide  has  been  admitted  by  sinking  of 
the  land.  Below  Quebec  the  valley  is  a  broad  bay,  and  ocean 
steamers  ascend  to  Montreal.  liy  means  of  canals  around 
the  rapids  and  falls,  large  ships  may  go  on  to  the  western 
end  of  Lake  Superior  (p.  311). 

The  exact  preglaciat  condition  of  the  St.  Lawrence  system  is 
not  yet  fully  known.  It  is  certainly  drowned  at  one  end,  and  the 
continuation  of  its  valley,  between  Nova  Scotia  and  Newfoundland, 
may  still  be  traced  on  the  sea  bottom.  When  this  submerged  val- 
ley was  formed,  northeastern  North  America  was  more  than  1000 
feet  higher  than  now,  and  the  mouth  of  the  St.  Lawrence  was  off 
Newfoundland  at  the  edge  of  the  continental  shelf. 

The  inland  continuation  of  this  valley  seems  to  have  been  not  the 
present  St.  Lawrence,  but  Ottawa  River,  the  only  large  tribtitarj' 
of  tlie  St.  Lawrence  system.  Above  Montreal  the  system  appears 
to  be  made  of  parts  of  several  systems,  united  by  the  effects  of 
glacial  erosion,  dams  of  glacial  drift,  and  land  tilting.  These 
processes  have  also  transformed  parts  of  the  valleys  into  the 
deep,  boat-shaped  basins  of  the  Great  Lakes  (p.  IBl).  Neither 
the  St.  Lawrence  above  Jrontreal,  nor  the  rivers  and  straits  that 
connect  tha  lakes,  are  in  preglacial  valleys  of  large  streams. 

Notwithstanding  the  great  volume  of  water,  little  erosion 
is  being  done  along  most  of  the  St.  Lawrence.  The  expla- 
nation  of  this  is  that  the  lakes,  and  other  quiet  stretches,  rob 
the  water  of  its  sediment,  therefore  taking  away  its  erosive 
power.  Consequently,  though  young,  most  of  the  St.  Law- 
rence streams  flow,  not  in  gorges,  bnt  in  shallow  valleys. 

Niagara  River,  which  furnishes  the  one  striking  exception 
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to  this,  has  peculiar  conditions.  I^eaTing  Lake  Krie  clear  and 
free  from  sediment,  the  broad  Niagara  loiters  along  past  Buf- 
falo, almost  on  the  Burfaeo  of  the  plain  (Fig.  483).  At  only 
one  point  in  its  upper  course  is  there  rapid  water,  where  it 
crosses  a  ledge  of  rock  near  Buffalo.  The  river  divides  into 
two  channels  around  the  low  Grand  Island.  The  valley  is  bo 
young  and  undeveloped  that  the  channel  on  one  side  has  not 
been  deepened  enough  to  rob  the  other  of  its  water. 

Just  above  Niagara  Falls,  15  miles  from  Lake  Erie,  the 
stream  is  again  divided,  this  time  around  Goat  Island.  Here 
the  flow  in  each  branch  quickens,  and  soon  the  water  is  tum- 
bling along  tumultuously  us  a  series  of  violent  rapids.  Then 
it  drops  as  a  great  cataract,  160  feet  high,  divided  by  Goat 
Island  into  two  parts, — the  larger,  or  Horseshoe  Fall,  on  the 
Canadian  side,  the  smaller,  or  American  Fall,  on  the  Ameri- 
can side.  For  7  miles  below  the  cataract  the  river  ruslies 
rapidly  through  a  gorge  200  or  more  feet  deep,  and  200  or 
800  yards  wide  (Fig.  485).  In  two  parts  of  the  gorge  there 
are  decided  rapids,  and  at  one  point  a  whirlpool. 

The  top  of  the  gorge  is  at  tlie  level  of  the  plain  over  which 
the  river  flows  from  Buffalo  to  the  Falls ;  and  the  gorge  cut 
in  this  plain  reveals  its  rock  structure.  It  is  made  of  nearly 
horizontal  strata,  some  hard,  some  soft,  dipping  gently  south- 
ward at  the  rate  of  about  35  feet  a  mile.  The  upper  stratum 
in  the  gorge  wall  is  massive  limestone  (Fig.  482),  beneath 
which  is  a  series  of  weak  shales.  It  is  these  strata,  also 
present  under  the  cataract,  that  make  the  waterfall  possible. 

The  plain  ends  toward  the  north  in  a  steep  slope,  or  escarp- 
ment (Fig.  485),  faced  by  a  plain  about  200  feet  lower. 
Emerging  from  its  gorge  at  this  escarpment,  the  river  flows 
quietly  over  the  lower  plain  to  Lake  Ontario. 

An  enormous  quantity  of  water,  estimated  at  167,000,000 
gallons  a  minute,  falls  over  the  Niagara  limestone  (Fig. 
482),  which  forms  the  crest  of  the  Falls.  The  underlying 
shalea  are  being   removed   by  the  swirl  of  waters,  and  by 
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the  grinding  against  them  of  great  blocks  of  fsUen  UuiestODe, 

by  a   kind  of  pot-hole  action   (p.  54).      This  undermines 

the  limestone,  causing  huge  blocks  to  occasionally  break  off, 

slowly     changing 

the  outline  of  the 

cataract. 

There  is  too  lit- 
tle water  in    the 
American  Fall  for 
such  results ;    in- 
stead,  the    fallen 
blocks    of    lime- 
stone protect  this 
fall     from    reces- 
sion. Records  kept 
since    1842   show 
that,    while     the 
Horseshoe    Fall 
has  receded  at  the 
rate  of  about  live 
feet   a  year,  the 
outline    of    the 
American  Fall  has  scarcely  changed.     Long  before  the  cata- 
ract has  receded  to  Lake  Erie,  the  southward  dip  of  the  sh^es 
will  have  carried  them  so  far  into  the  ground  that  there  will 
no  longer  be  an  opportunity  for  the  river  to  undermine  the 
limestone.     Then  the  waterfall  will  disappear. 

There  is  clear  evidence  that  when  the  ice  sheet  permitted 
Lake  Erie  to  outflow  over  the  plain  toward  Ontario,  the  Niagara 
;ataract  was  born,  falling  over  the  edge  of  the  escarpment.  Sini-e 
then  the  cataract  has  receded  for  seven  miles,  making  the  gorge. 
When  the  cutting  of  the  gorge  first  began,  the  river  occupied  a 
broad  valley  on  the  ui)])er  plain,  similar  to  the  present  valley 
above  Goat  Island.  The  river  gravels  and  banks  made  at  that 
time  may  still  be  clearly  seen  on  the  plain,  200  feet  or  more 


Fia.  4SI.  —The  wat«T  escaping  here  U  a  small  portion  of  that  nsed  for  power 
M  N'lagara  Falli.  Yet  only  a  very  mlonte  portion  ot  the  enormous  power 
available  U now  used.  ^.,)l.)>Mc 
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above  the  present  river.  The  gorge  could  not  have  existed  then. 
Another  proof  that  the  gorge  has  been  out  by  river  actioa  IB  the 
existence  of  an  abandoned  fall,  similar  to  the  American  Fall, 
at  Foster  Flats,  more  than  halfway  down  the  gorge. 

Ab  the  eataract  receded,  it  discovered  a  buried  valley  beneath 
the  glacial  drift;  and  where  this  buried  valley  leaves  the  gorge, 
at  the  whirlpool,  there  is  a  break  in  the  otherwise  continuous 
rock  wall  of  the  gorge.  The  removal  of  the  glacial  drift  that 
filled  this  buried  valley  has  formed  the  elbow  in  which  the  whirl- 
pool is  situated  (Fig.  485). 

It  was  formerly  thought  that  Ni^ara  gave  a  basis  for 
telling  the  time  in  years  since  the  close  of  the  Glacial  Period. 
Three  important  facts  are  knowo:  (1)  the  length  of  the 
gorge ;  (2)  the  present  rate  of  retreat  of  the  cataract  (five 
feet  a  year) ;  (3)  the  cataract  began  as  the  ice  was  leaving. 
It  therefore  seemed  simple  to  divide  the  distance  by  the 
present  rate;  but  later  studies  show  that  there  are  many 
causes  for  variation  in  the  rate  of  retreat,  of  wliich  the  fol- 
lowing are  most  important :  (1)  the  limestone  ia  thinner 
at  the  northern  end ;  (2)  the  time  required  to  remove  the 
loose  drift  in  the  buried  gorge  is  unknown ;  (3)  the  volume 
of  water  has  varied  ;  indeed,  at  one  time  Niagara  received 
the  waters  of  Lake  Erie  only  (Figs.  280,  281).  Since  it  is 
impossible  to  tell  just  how  much  these  variations  have  in- 
fluenced the  rate  of  retreat,  the  time  that  Niagara  has  taken 
to  cut  its  gorge  is  not  known  positively ;  but  there  ia  reason 
for  believing  it  to  have  been  between  5000  and  10,000  years, 

Samnuiy.  —  The  St.  Lawrence  system  is  an  immature  river 
system  male  by  the  vnion,  largely  through  glacial  action,  of  parts 
of  a  number  of  rivers.  It  consists  of  (1)  a  drowned  lower  portion  ; 
(2)  a  middle  sedion  with  a  series  of  quiet,  lake-like  stretches  and  inter- 
vening rapids;  and  (3)  an  upper  portion  of  great  lakes,  witk  connect- 
ing straits  and  rivers,  interrupted  by  rapids  and  falls.  Little  erosion 
is  being  accomplished  because  the  lakes  rob  the  water  of  sediment  for 
mUi'ng4ools.    Niagara  is  an  exception  to  tliis  because  of  the  existence 
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of  weak  shales  beneath  a  massive  limestone.  At  the  Horaeslxoe  FaU 
the  ronoval  of  these  shales  is  causing  the  cataract  to  retreat  vf  stream, 
and  there  is  good  proof  t/uit  it  has  receded  through  the  seuen  mOes 
oftlte  gorge,  requiring  probably  somewliere  between  6000  and  10,000 
years  for  tlie  work,  which  began  al  the  dose  of  the  Glacial  Period. 

Topical  Outline  and  Rrview  Qcestionb. 

Topical  Outline.  — 201.  The  ColnmbU. — Climate;  length;  area; 
two  large  braoches;  valleys  id  lava  plateau;  effect  of  these  caDyous; 
lower  valley, — crossing  mountains,  navigation,  iishiDg. 

202.  The  Saciamento,  —  Position;  outlet;  aize;  large  tributaries; 
Davigation ;  small  moimtain  trlbutarieH ;  uses  of  water. 

203.  TheColorado.  —  Source  of  water;  size;  iaclosing  plateau;  canyon 
valleys;  lower  course;  Grand  Canyon, ^barrier,  difficulties  of  passage, 
rapids,  canyon  walls ;  tributaries ;  young  plateau. 

204.  The  Great  Basin.  —  Area;  situation;  minor  basins;  Basin 
Ranges;  rainfall;  streams;  irrigatiou;  former  lakes. 

20').  The  Kio  Grande.  —  Compare  with  Colorado;  irrigatioD;  tribu- 
taries; variation  in  volume;  sediment  load;  delta;  navigation. 

206.  The  MUaissippi  System.  —  (a)  The  system:  length;  area;  prin- 
cipal tributaries;  navigation.  (b)  The  oatley:  origin  of  lowland; 
ancient  sea ;  mature  condition ;  rejuvenation ;  mountain  gorges. 
(c)  Western  Irihalaries :  water  supply;  floods;  loss  of  water;  irriga- 
tion; sediment, — cause,  Platte,  Red,  Missouri,  (d)  Ohio:  rainfall; 
floods;  mature  valley;  floodplains;  farming;  navigation,  (e)  Glacial 
influence:  rapids  and  falls;  upper  Mississippi,  (f)  Floodplain  of  lower 
MUaissippi:  cause;  area;  bluffs;  meanders;  changes  in  river  position; 
lakes,  bayous,  and  swamps;  floods;  levees;  deposits,  (g)  Delta:  out- 
ward growth;  swampy  surface;  dKtributaries ;  jetties;  passes. 

307.  Smaller  Streama  of  the  Bast. —  Names  of  principal  ones;  condi- 
tion on  Coastal  Plain ;  effect  of  land  sinking ;  pathways  across  moun- 
tains ;  effects  of  glacier. 

208.  The  St.  Lawrence  System. —  (a.')  Description:  lakes;  connectaon 
of  lakes;  Thousand  Islands;  rapids  below  the  lakes;  drowned  lower 
course;  navigation,  (b)  Preglacial  condition :  submerged  valley ;  former 
elevation  of  cMitinent;  Ottawa  Hiver;  effect  of  glacier  on  river;  on  lakes. 
(c)Erosion:  absence  of  sediment;  effect  on  valley  form,  (d)  Niagara: 
near  Buffalo;  Grand  Island;  Goat  Island;  rapids;  two  falls;  gorge; 
upper  plain;  rocks  In  gorge  wall;  escarpment;  condition  below  escarp- 
ment, (e)  Recession  of  fulls;  cause  of  retreat;  condition  in  American 
Fall;  rate  in  Horseshoe  Fall;  future  of  falls,     (f)  History  of  Niagara: 

i_S'^ 
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birth  of  falls;  canse  of  gorge;  proofs  of  this;  cause  of   whirlpool. 
(g)  Age  of  gorge;  facts  known;  causes  for  variation;  probable  age. 

Rkvisw  Qukbtions. — 201.  What  is  the  situation  of  the  Columbia? 
Ita  length  and  drainage  area?  What  are  the  two  great  branches '/ 
What  is  the  condition  in  the  upper  part?    In  the  lower  part? 

202.  Describe  the  Sacramento  Valley;  its  situation;  lower  portion; 
Bize;  large  branches ;  small  tributaries ;  uses  of  water. 

203.  State  the  general  features  of  the  Colorado:  source  of  water; 
size;  canyons;  lower  portion.  Describe  the  Grand  Canyon.  Why  are 
there  few  tributaries?     What  is  the  condition  between  tliem? 

204.  What  are  the  surface  features  of  the  Great  Bauu?  What  b  the 
climate?    What  effects  has  this  on  the  region  ? 

205.  Compare  the  Rio  Grande  with  the  Colorado.  How  do  they 
differ?  Why  is  there  so  much  irrigation?  How  does  the  volume  vary? 
What  is  the  condition  in  the  lower  course? 

206.  What  is  the  size  of  the  Mississippi  and  its  largest  tributaries? 
What  b  the  origin  and  form  of  its  valley  ?  What  is  the  condition  in  the 
headwaters?  What  is  the  condition  of  the  watei-  supply  i[i  the  western 
tributaries?  Of  the  sediment?  What  are  the  principal  characteristics 
of  the  Ohio?  What  effects  have  been  produced  by  glaciation?  What 
are  the  characteristics  of  the  floodplain  :  area;  bluffs;  meanders;  floods; 
Bwaraps;  farm  land;  levees?    What  is  the  condition  on  the  delta? 

207.  Name  the  principal  small  streams  in  the  East.  What  are  their 
main  characteristics?     In  what  ways  are  they  important? 

208.  What  is  the  general  condition  of  the  system  7  What  is  the  con- 
dition below  Lake  Ontario?  What  was  tbe  preglacial  condition?  Why 
is  there  little  erosion?  Describe  Ni^ara  River.  What  is  the  rock 
structure  of  the  gorge  walls?  How,  and  at  what  rate,  is  the  cataract 
caused  to  recede?  What  will  happen  as  the  fall  recedes  fartlierV  What 
proofs  are  there  that  the  gorge  was  formed  by  the  river?  Explain  the 
whirlpool.    What  is  known  of  the  length  of  postglacial  time? 

Reference  Books.  —  Gilbert,  Niagara  Falh,  National  Geographic  Mono- 
graphM,  American  Book  Co.,  New  York,  180.),  J-J.JO;  Tarr,  Chapters 
VII,  VTII,  and  IX,  Fhyiical  Geography  of  New  Y^rk  State,  Macmillan 
Co.,  New  York,  1902,  $3.50;  Dkyer,  Sluilies  In  Indiana  Geography, 
Inland  Printing  Co.,  Terre  Haute,  Ind.,  1897,  $1.25 ;  Powell,  Exploration 
of  the  Colorado  Hirer,  Washington,  1875  (out  of  print) ;  Canyons  of  the 
Colorado,  Flood  and  Vincent,  Meadville,  Pa.,  lSfl.5.  $10.00;  Dutton, 
Hittory  of  the  Grand  Canyon  District,  Monograph  II,  U.  S.  Geological 
Survey,  $10.00;  Grabau,  Niagara  Falls  and  Vicinity,  Bull.  45,  Nrni 
York  State  Museum,  Albany,  1901,  $0.06. 
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CHAPTER  XVII. 
DISTRIBTTTIOH   OF   PLANTS. 

CONDITIONS   INFLUENCING  PLANT   LIFE. 

209.  Importance  of  Air.  —  Without  air,  both  plants  and 
aniruals  die.  Carbon  dioxide  from  the  air  is  takeu  into  plant 
cells  and  changed  to  carbon  and  oxygen,  the  carbon  being 
built  into  the  tissues.  A  large  portion  of  the  plant  tissue 
is  made  of  carbon,  supplied  mainly  by  the  air. 

Air  is  present  everywhere  on  the  earth's  surface,  even  in 
soil  and  water  (p.  180);  therefore,  as  far  aa  this  vital  sub- 
stance is  concerned,  it  is  possible  for  plants  to  be  present  on 
every  part  of  the  earth's  surface.  The  fact  that  there  are 
some  places  where  plants  are  absent,  —  for  example,  under- 
ground, in  the  deep  sea,  and  in  central  Greenland,  —  is  proof 
that  there  are  other  things  of  vital  importance. 

Summary,  —  Air  is  of  vital  importance  to  plants,  suppling  moat 
of  the  carbon,  of  which  a  large  part  of  plant  tissues  is  made. 

210.  Importance  of  Temperature. — Plant  activity  is  im- 
pos.sible  where  the  temperature  is  below  freezing,  for  then 
the  liquid  parts  are  frozen  and  cannot  move  about.  In  the 
ice-covered  interior  of  Greenland,  therefore,  where  the  tem- 
perature is  always  below  freezing,  all  plant  life  is  absent- 
Many  plants  are  not  injured  by  being  frozen  for  part  of  the 
year,  but  are  able  to  resume  growth  when  the  frost  is  gone. 

All  plants,  even  the  lowest  forma  of  bacteria,  are  killed 
when  subjected  for  a  short  time  to  temperatures  near  the    , 
boiling  point.     This  is  because  such  heat  causes  changes  io    , 
their  tissues  which  destroy  their  power  of  action. 
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A.  low  form  of  plant  lives  on  the  lover  pacts  of  the  Greenland 
glacier,  being  frozen  all  the  year  excepting  a  few  weeks  in 
summer,  when  it  lives  in  ice-cold  water.  Certain  lowly  plants 
thrive  in  the  hot  springs  of  Yellowstone  Park,  whose  water,  though 
hot  enough  to  destroy  most  plants,  is  not  up  to  the  boiling  point. 
These  instances  show  that  plants  may  become  adapted  to  very 
unfavorable  surroundings.  They  could  not  live  under  any  other 
conditions ;  yet  no  other  plants  could  live  where  they  do. 

Sommaiy.  — Even  the  lowest  plants  are  unable  to  live  where  the 
temperature  always  remains  below  freezirtg,  or  where  it  rises  to  the 
boiling  point  even  for  a  short  time;  but  many  survive  a  period  of 
freezirig,  and  some  live  in  the  water  of  hot  wrings. 

211.  Importance  of  Sunlight  —  Sunlight  is  also  of  vital 
importance  to  plants,  for  by  its  aid  the  green  cells  change 
carbon  dioxide  to  carbon  and  oxygen.  The  branches  and 
leaves  of  plants  are,  therefore,  arranged  to  secure  air  and  sun- 
light ;  and  many  forest  trees  lose  their  lower  limbs  (Fig.  487), 
or  even  die  for  lack  of  light. 

Plants  growing  in  dark  places,  like  potatoes  sprouting  in  a  cellar, 
are  weak  and  tender,  and  their  lack  of  color  shows  the  absence 
of  the  important  chlorophyl  of  the  green  cells.  It  is  because  of 
absence  of  sunlight  that  no  plant  life  exists  on  the  ocean  bottom. 

Yet  some  low  plants  do  grow  in  darkness.  For  example,  a  weird- 
looking,  pale  white  fungus  lives  in  coal  mines  and  caverns,  where 
no  ray  of  sunlight  has  ever  entered.  This  is  another  instance  of 
how  life  may  adapt  itself  to  very  unfavorable  surroundings. 

Summary.  —  Light  is  needed  for  the  change  of  carbon  dioxide  to 
carbon  and  oxijgen  ;  therefore  very  few  plants  live  in  dark  places. 

212.  Importance  of  Water.  —  No  plant  can  live  without 
water ;  for  it  circulates  among  the  tissues,  bearing  food  and 
other  materials  from  one  portion  to  another,  as  man's  blood 
does.  In  trees  this  plant  blood  is  commonly  called  sap ;  and 
when  it  rises  in  spring,  the  plant  awakens  from  its  long  winter 
sleep  and  bursts  into  leaf  and  flower. 
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Plants  living  in  water  have  a  supply  ever  at  hand;  hut  most 
land  plants  obtain  water  from  the  soil,  though  in  damp  tropical 
forests  some  species  secure  enough  from  the  air.  If  the  soil  dries, 
plants  wither;  but  in  arid  and  desert  regions  plants  have  fitted 
themselves  to  survive  long  periods  of  drought  ■ 

Summary.  —  Water,  needed  for  the  aap  of  plants,  ia  obtained  from 
the  water,  air,  and  soil. 

213.  Importance  of  Soil.  —  Soil  is  not  necessary  to  plant 
life.  Water  plants,  both  fresh  and  salt,  may  secure  all 
Decessary  substances  from  the  surrounding  water.  Thus 
many  float  freely  about,  while  others  have  roots  solely  for 
the  purpose  of  anchoring  themselves  in  place.  Some  land 
plants,  called  epiphytei,  are  also  able  to  live  without  roots, 
securing  all  necessary  substances  from  the  air.  The  great 
majority  of  land  plants,  however,  depend  on  the  soil  for  most 
of  their  water,  part  of  their  food,  and  for  anchorage. 

The  plant  food  in  the  soil  is  of  so  great  importance  that,  where 
it  is  almost  absent,  as  in  sand,  the  soil  is  called  sterile,  and  most 
Species  of  plants  do  not  flourish.  Plants  remove  so  much  mineral 
matter  from  the  soil  that,  where  crops  are  raised  year  after  year,  it 
is  necessary  to  use  a  fertilizer  to  replenish  the  plant  food. 

Plants  are  adapted  to  different  kinds  of  soils,  some  needing 
loose,  open  soil,  others  compact,  clayey  soil;  some  requiring  one 
kind  of  plant  food,  others  another.  A  very  little  study  of  wild 
flowers  or  crops  shows  that  plant  life  varies  with  the  soil. 

Summary.  —  Moat  land  plants  depend  on  soil  for  Koter,  mineral 
food,  and  ancliorage;  but  some  land,  and  moH  loater  plants  do  not 
need  soil    Land  jrfanfs  differ  greatly  according  to  t?ie  aoU. 

214.  Importance  of  Gravity.  —  Plants  send  their  roots  into  the 
ground,  seeking  water  which  gravity  has  drawn  into  the  earth. 
Seeking  sunlight,  thoy  send  their  stems  straight  up  from  the 
ground.  This  is  the  easiest  way  for  them  to  resist  the  pull  of 
gravity;  if  they  were  inclined,  for  example,  they  would  fall  far 
more  easily.  To  aid  in  withstanding  the  pull  of  grarrity  and 
the  force  of  the  wind,  large  plants  build  strimg,  woody  trunks 
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and  branches.  Water  plants,  on  the  other  hand,  are  usually 
weak,  loose-textured,  and  flabby,  because  they  live  in  a  denser 
medium,  which  buoys  them  up  so  that  they  do  not  need  great 
strength  to  resist  gravity.  Such  plants  as  sea  weeds,  which  are 
exposed  to  waves,  require  a  tougher  texture. 

Samnury.  —  The  injtumce  of  gravity  causes  plants  to  send  roots 
dotmwmrd,  and  strong,  woody  stems  straight  upward. 

DISTRIBUTION   OF   PLANTS. 

From  what  haa  been  said,  it  is  evident  that  the  distribu- 
tion of  plants  is  intluenced  by  surrounding  conditions ;  and 
since  there  is  njuch  diiTerence  in  the  climate  and  soil  of  the 
earth,  there  are  great  differences  in  plant  life. 

216.  Influence  of  Climate.  —  Climate  is  the  greatest  factor 
in  determining  the  distribution  of  plants.  Some  species, 
especially  the  more  lowly,  have  a  wide  distribution  and  are 
adapted  to  many  climates ;  but  most  plants  of  higher  orders 
are  fitted  for  only  one  set  of  surroundings.  For  example, 
sugar  cane  requires  a  warm,  damp  climate  beyond  the  reach 
of  frost ;  cotton  grows  Irest  in  a  sliglitly  cooler,  though  Still 
warm,  sunny  climate ;  corn,  though  requiring  a  long,  warm 
summer,  grows  much' farther  north  than  cotton;  and  wheat 
may  be  raised  in  a  climate  too  cold  for  corn.  Wild  plants 
are  limited  in  distribution  in  similar  ways. 

There  are,  therefore,  zones  of  plant  life  similar  to  the 
zones  of  temperature.  An  Arctic  plant  will  die  amid  tropical 
heat  as  certainly  as  a  tropical  plant  will  perish  when  exposed 
to  the  frosts  of  a  temperate  winter.  The  plant  life,  or  flora, 
of  moist  climates  ^so  differs  from  that  of  arid  climates. 
These  differences  may  be  best  understood  by  studying  the 
plant  life  in  several  climatic  zones. 

SnmmaTy.  —  There  are  zones  of  plant  life,  similar  to  those  of  di. 
mate;  for,  while  some  lowly  plants  are  adapted  to  several  zones, 
kigher  plants  are  uaaally  fitted  for  life  in  only  one. 
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216.  Arctic  Flora.  —  In  the  Arctic,  plantfl  spriDg  up  as 
Boon  as  the  frost  melts,  and  quickly  flower  and  bear  fruit, 
for  the  season  ia  short.  Lichens  in  great  variety  cling  to  the 
rocks  (Fig.  486),  and  many  mosses  and  water-loving  plants 
live  in  the  swampy  soil.  There  are  grasses,  numerous  flower- 
ing plants,  and  species  with  woody  tissue,  including  dwarf 
willows  and  birches  —  true  trees  in  all  respects  but  size. 
They  cling  close  to  the  ground,  not  rising  high  because  it 
is  important  that  the  flrst  snows  shall  cover  and  protect 
them  from  the  cold  blasts  of  winter.  The  short  growing 
season,  and  the  bitter  winter  cold,  prohibit  the  growth  of  trees. 

For  more  than  two  thirds  of  the  year,  while  the  temperature 

is  below  the  freezing  point,  plant  life  is  dormant;  but  in  the  brief 
Bummer  season  the  sap  flows,  the  plants  grow,  and  the  tundra 
is  covered  with  a  mat  of  green,  dotted  with  bits  of  color.  Yet 
only  the  surface  soil  is  free  from  ice,  for  at  depths  greater  than 
two  or  three  feet  frost  is  ever  present. 

Summary.  —  In  the  short  An^ic  summer,  when  front  meltt  from 
the  upper  layers  of  aoU,  plants  grow  rapidly,  dinging  dose  to  the 

ground  to  secure  protection  from  the  winter  cold. 

317.    Temperate  Flora-  —  Near  the  margin  of  the  temperate 

zone  in  both  hemispheres  is  a  timber  line  of  low,  scraggy  trees 
struggling  for  existence  amid  unfavorable  surroundings.  The 
trees  are  all  of  hardy  varieties,  some  evergreen,  others  deeidu- 
ou»,  that  is,  shedding  their  leaves  in  autumn.  The  evergreens 
have  tough,  needle-like  leaves  which  withstand  the  cold  of 
winter,  falling  only  in  spring,  when  new  ones  take  their 
place.  Among  the  common  evergreens  are  spruce,  hemlock, 
balsam,  fir,  and  pine. 

In  the  warmer  part  of  the  temperate  zone  deciduous  trees 
increase  in  number  and  variety,  including  the  beech,  birch, 
maple,  oak,  elm,  chestnut,  hickory,  ash,  walnut,  and  many 
other  species.  There  are  also  many  fruit  trees  such  as  apple, 
pear,  peach,  and  cherry.     These  trees,  which  spring  into  leaf 
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and  blossom  in  spring,  and  bear  fruit  in  summer  and  fall, 
are  checked  by  the  autumn  frosts.  Their  sap  then  ceases 
to  flow,  the  leaves  assume  brilliant  colors,  then  fall,  and  for  a 
time  the  trees  are  dormant.  They  lay  aside  their  activity 
during  the  season  when  active  life  is  impossible. 

Other  plants,  called  perennials,  die  down  to  the  ground 
when  the  frosts  come,  growing  again  in  spring  from  roots 
or  bulbs  in  which  nourishment  has  been  stored  during  the 
active  season.  Still  others,  called  anntials,  die  completely  in 
the  fall,  leaving  only  seeds  to  reproduce  their  species  when 
growth  is  again  possible. 

The  flora  of  the  temperate  zone  varies  greatly  according  to 
temperature,  exposure,  humidity,  and  soil.  There  are  places 
■where  trees  do  not  grow,  for  example  on  dry  plains,  and  on 
prairies  (p.  77),  on  which,  however,  grasses  and  many  flower- 
ing plants  grow  luxuriantly.  In  other  places  tree  growth  is 
scrubby  and  of  few  kinds,  as  in  sandy  soils  which  support  only 
pines  and  oaks.  On  the  other  hand,  there  are  places  where 
the  climate  and  soil  favot  a  luxuriant  forest  growth.  Every 
part  of  the  land  is  occupied  to  its  fullest  extent  by  plants  fitted 
to  live  there. 

One  of  the  most  remarkable  instances  of  plant  growth  is  in  the 
region  of  "  big  trees  "  on  the  west  coast  of  United  States  (Fig,  488). 
There,  a  fertile  soil,  a  damp,  equable  climate,  and  absence  of  strong 
winds  encourage  the  growth  of  enormous  trees.  Only  in  south- 
eastern Australia,  where  similar  conditions  exist,  are  there  trees 
rivaling  these  in  size.  Some  of  the  California  trees  are  300  feet 
high,  40  feet  in  diameter,  and  fully  2000  years  old. 

Sammory.  —  Near  the  frigid  zone,  tree  growth  ceases,  the  timber 
line  being  marked  by  scraggy  trees,  both  evergreen  and  deciduous. 
Deciduous  trees  increase  in  number  and  variety  in  tite  warmer  parts 
of  the  temperate  zone.  Plants  are  adapted  to  the  winter  season  in 
several  ways:  by  suspending  activity,  by  dying  down  to  the  ground, 
and  by  dying  completely,  leaving  seeds  to  continue  the  species. 
There  are  many  differences  in  flora  according  to  temperature,  ex- 
pomre,  humidity,  and  soil. 
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218.  Tropical  Flora.  —  In  the  wann,  humid  portions  of 
the  temperate  zones,  near  the  tropics,  the  abundant  and  varied 
flora  is  more  like  that  of  the  tropical  than  of  the  cool  temperate 
zone.  It  is  therefore  called  subtropical.  Both  here  and  in 
the  humid  tropical  zone  the  warmth  and  dampness  favor  the 
luxuriant  growth  of  a  great  variety  of  species.  Among  these 
are  long-leaved  pines,  broad-leaved  evergreens,  palmettoes, 
and  palms  (figs.  493,  499) ;  also  such  valuable  trees  as  the 
teak,  mahogany,  rosewood,  cocoa,  banana  (Fig.  490),  and  the 
rubber  tree. 

There  is  no  one  season  of  growth,  and  no  dormant  period ; 
blossoms  may  appear  at  any  time,  and  there  ia  no  period  when  all 
the  leaves  fall.  The  trees  grow  to  great  size,  and,  in  their  strug- 
gle for  light,  to  great  height.  The  undergrowth  is  dense  (Fig.  494), 
trailing  vines  hang  from  the  limbs,  and  epiphytes  abound. 

Summary.  —  Tfte  subtropical  flora  of  the  warm  temperate  zone 
and  the  tropical  Jlo}-a  are  quite  alike  in  variety  and  luxuriance  of 
growth,  and  in  the  absence  of  a  dormant  period. 

S19.  Flora  of  Savannas  and  Steppes  (pp.  283,  285).  —  In  regions 
where  there  is  a  season  of  drought,  as  in  the  savannas  (Fig.  491) 
and  steppes,  trees  cannot  grow  excepting  along  the  streams.  Many 
gi-asses  and  flowering  plants  bridge  over  the  period  of  drought  by 
means  of  roots,  bulbs,  and  seeds,  springing  into  life  when  the  rains 
come,  as  plants  of'  the  cool  temperate  zone  do  at  the  close  of 
winter.     Therefore,  such  regions  are  excellent  pasture  lands. 

Summary.  —  Regions  Itaving  a  period  of  drought  are  treeless;  but 
annuals  and  perennials  thrive,  making  tliese  good  pasture  lands. 

220.  Desert  Flora.  —  In  deserts  there  is  too  little  moisture 
for  a  great  number  of  individuals.  Therefore,  instead  of 
having  a  complete  cover  of  vegetation,  the  desert  is  scantily 
clothed  with  a  scattered  flora  (Figs.  154,  498).  Every  pos- 
sible effort  is  made  by  the  plants  to  secure  and  retain  enough 
moisture  for  life.  Some  plants  have  enormous  roots,  extend- 
ing deep  into  the  ground  and  spreading  far  about  in  search 
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of  water;  the  mesquite,  for  example,  has  Beveral  timeB  as 
much  woody  matter-below  ground  as  above  it.  Water  is 
stored  in  these  roots  for  use  during  the  long  droughts. 

Desert  plants  have  many  devices  for  existence  amid  their  un- 
favorable surroundings.  In  order  that  the  surface  for  evaporation 
may  be  reduced  to  a  minimum,  no  more  leaves  ai-e  produced  than 
are  absolutely  necessary ;  and  in  many  cases  the  leaves  are  small 
and  tough,  or  are  even  reduced  to  spines.  In  the  cacti  (Figs.  49&- 
497),  which  are  especially  welt  fitted  for  desert  life,  water  is 
stored  in  the  tissues;  there  are  no  true  leaves;  and  the  plant  has 
a  hard,  shiny,  varnished  surface,  through  which  evaporation  is 
almost  impossible.  Some  apeciee  are  globular  in  form,  thus  ex- 
posing the  least  possible  surface  to  evaporation ;  and  the  sharp, 
irritating  spines  protect  them  from  many  kinds  of  animals  which 
might  otherwise  devour  them.  Many  desert  plants  repel  plant- 
eating  animals,  as  the  common  sage  brush  does,  whose  tough,  pale 
green  leaves  have  a  disagreeable  odor  and  taste. 

Sunlight,  temperature,  and  much  of  the  desert  soil  are  favor- 
able to  abundant  plant  life;  but  water  is  lacking.  It  is  re- 
markable that  auy  plants  should  be  able  to  adapt  themselves  to 
life  where  rain  comes  at  intervals  of  months  or  even  years.  That 
this  is  the  only  unfavorable  condition  is  proved  where  oases  exist 
in  the  desert,  or  where  irrigation  is  introduced.  Then  the  watered 
desert  supports  plant  life  in  great  variety  and  luxuriance. 

Summary.  —  Because  of  lank  of  water,  the  desert  flora  is  scattered 
and  many  devices  are  adopted  to  store  enough  water  to  last  through  (he 
periods  of  drought.  The  luxuriance  of  growth  on  oases  and  irri- 
gated sections  proves  that  water  is  all  tliat  is  lacking  for  plant  life. 

221.  Uountain  Flora.  —  In  every  zone  the  flora  varies  with 
altitude.  A  temperate  flora  is  found  on  mountain  slopes  in 
the  tropical  zone ;  and  an  Arctic  flora  on  mountain  tops  in 
temperate  zones.  Thus,  species  growing  in  Labrador  and 
Greenland  are  also  found  on  the  top  of  Mt.  Washington, 

Even  in  the  tropical  zone  there  is  a  line,  the  timber  line  (p.  96), 
above  which  it  is  too  cold  for  tiees  to  grow.     This  line,  marked 
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by  stunted,  eerubby  trees,  is  not  r^ular,  but  extends  highest 
on  those  slopes  which  furnish  most  protection  from  winds 
or  longer  exposure  to  the  sun  (Figs.  158,  161,  166).  Above  the 
timber  line,  wherever  there  is  soil,  the  surface  is  covered  with  low 
bushes  and  flowering  plants  {Fig.  181),  forming  the  mountain  or 
Alpine  flora,  famed  for  the  variety  and  beauty  of  its  flowers.  The 
cool  summer  air,  damp  soil,  and  long,  cold  winters  resemble  con- 
ditions in  the  Arctic ;  but  there  is  more  sunlight. 

Mountains  and  high  plateaus  rising  from  desert  lands  may 
have  rainfall  enough  for  forest  growth.  On  the  lower  slopes  the 
trees  are  stunted,  scrawny,  and  scattered,  showing  the  struggle 
with  drought ;  but  higher  up  the  forest  becomes  dense.  If  the 
mountains  are  high,  tree  growth  may  be  checked  above  by  cold, 
as  well  as  below  by  drought. 

Summary, — Beoause  of  changes  in  temperature,  the  Jlora  varies 
with  altitude.  On  mountain  slopes  the  forest  disappears,  and  in  the 
Kpper  portion  is  replaced  by  the  Alpine  flora. 

222.  Water  Plants. —  Wherever  conditions  favor,  both  in 
salt  (p.  195)  and  fresh  water,  there  is  a  varied  flora,  some 
species  floating  on  the  surface,  others  anchored,  and  still  others 
having  true  roots.  Lower  forms,  such  as  algee  and  mosses, 
are  especially  adapted  to  life  in  water ;  but  higher  forms,  even 
trees,  are  not  absent.  Rushes,  reeds,  mosses,  and  lilies  are 
■  among  the  common  fresh-water  and  swamp  plants ;  and  among 
trees  the  cypress,  black  gum,  willow,  and  mangrove  are  com- 
mon, the  latter  living  in  salt  water  (Fig.  379). 

Most  trees  die  if  their  roots  are  submerged,  because  air  is 
cut  off;  but  water-loving  trees  have  special  provision  for  securing 
the  necessary  air.  For  example,  mangrove  roots  start  from  above 
the  water  surface,  and  even  from  the  lower  limbs ;  and  knobs,  or 
knees,  grow  upward  from  cypress  roots  till  they  project  above  the 
water  surface  (Fig.  307). 

Summuy. — Plant  life  is  aitin^ant  both  in  fresh  and  salt  tcater, 
the  lower  forms  being  especially  common,  though  even  some  tree« 
are  adapted  to  life  in  water. 


Fio.  496.  — Giant  cacti  ot  soutbwesi 
era  United  States.  The  mfta  o 
the  rlgbt  gives  an  Idea  ot  the  siz 
of  this  plant. 


Fio.  497.  —  A  (Tonp  ot  cacti,  showing  tounded  (ocms  and  spiny  surrnces. 
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Vm.  4B9.  —  A  oinitor  o(  pnlma  neat  the  Pyrftmlds  In  the  deiiert  region  of  Egypt. 
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223.  Ueans  of  Distribution.  —  Since  the  land  is  so  well 
occupied  that  it  U  diSicult  for  a  new  plant  to  gain  a  foot- 
Hold,  it  is  necessary  that  adequate  provision  be  made  to 
insure  the  spread  of  plants.  Seeds  are  the  principal  means 
of  insuring  this  spread.  It  is  necessary  to  produce  far 
more  seeds  than  can  possibly  find  a  chance  to  grow,  for  some 
are  eaten,  some  decay,  some  fall  where  they  cannot  sprout,  and 
pome  that  sprout  find  conditions  su  unfavorable  that  they  die. 

In  order  that  they  may  have  every  chance  for  a  start  in  life, 
seeds  are  provided  with  many  ingenious  devices  to  aid  in  their 
spread.  Some  are  so  light  that  they  are  drifted  about  by  the 
slightest  breeze ;  aome,  like  the  maple,  have  wing-like  projections 
that  cat«h  the  wind;  some,  like  dandelion  seeds,  have  a  light, 
feathery  float;  some,  like  the  many  burs,  have  hooks  that  catch 
upon  the  fur  of  animals ;  and  some,  like  the  apple  or  peach,  are 
covered  with  an  edible  coat.  Animals  eat  these  fruits,  often  de- 
positing the  hard,  protected  seeds  far  away  from  the  parent  plant. 

The  wind  and  animals  are  the  two  agencies  most  important 
in  spreading  plants.  Because  light  seeds  are  so  easily  car- 
ried by  the  wind,  light-seeded  plants  are  most  widely  dis- 
tributed. Rivers  also  float  seeds  and  plants  from  one  place 
to  another,  and  ocean  currents  may  drift  them  even  to  oceanic 
islands.  Man  has  become  an  important  agent  in  distributing 
plants  over  the  earth.  He  carries  cultivated  plants  from  one 
region  to  another,  and  also  distributes  many  weeds.  In  this 
way  the  Canada  thistle  and  the  white  field  daisy,  now  com- 
mon weeds,  were  brought  to  the  United  States. 

Summary.  —  Planta  are  dintrihuled  mainly  by  seeds;  and  since 
many  seeds  are  destroyed,  far  more  are  jtroduced  than  could  possibly 
grow.  They  are  largely  distributed  by  wind  and  by  animals,  with  tJte 
aid  of  many  interesting  deeices  ;  also  by  rivers,  ocean  currents,  and 
by  man.    Light-seeded  jilatits  are  most  easily  and  widely  dittribtUed. 

224.  Barriers  to  the  Spread  of  Plants.  —  If  seeds  from  the 
land  fall  upon  water,  they  do  not  grow  unless  drifted  ashore. 
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Id  other  words,  water  is  a  barrier  to  their  spread ;  it  is,  in 
fact,  the  greatest  barrier  to  the  distribution  of  land  plants, 
especially  if  it  is  a  large  body  like  the  ocean.  It  would  be 
under  very  rare  conditions,  for  example,  that  even  a  single 
seed  could  be  carried  from  South  America  to  Africa  by  winds, 
currents,  or  birds. 

Yet  even  the  ocean  is  not  an  absolute  barrier,  and  plants 
from  the  mainland  are  found  on  all  oceanic  islands.  Only 
the  seeds  of  certain  plants  find  their  way  there,  however,  and 
island  floras  are,  therefore,  far  less  varied  than  those  of  the 
mainland.  The  most  common  plants  are  those  with  seeds 
so  light  that  they  are  easily  carried  by  wind;  or  those  that 
birds  eat  and  carry;  or  those,  like  the  cocoanut,  that  will 
float  for  a  long  time  in  the  sea. 

Deserts  are  barriers  because  no  plants,  except  those  adapted  to 
desert  conditions,  can  spread  across  them,  unless  carried  entirely 
over.  A  tropical  forest  is  an  equally  good  barrier  for  plants 
that  are  adapted  to  desert  life.  Mountain  chains  are  also  barriers, 
because  plants  at  their  base  will  not  spread  into  the  cold  climates 
above ;  but  gaps  or  passes  often  are  pathways  for  the  spread  of 
plants  across  mountains.  The  wind,  although  an  aid  to  distribu* 
tion  in  one  direction,  is  a  very  important  barrier  to  spread  in  the 
opposite  direction.  Eor  this  reason  European  plants  are  not  likely 
to  reach  America  gainst  the  west  winds ;  but  these  winds  aid 
American  plants  in  theii  spread  to  Europe.  Ocean  currents  and 
birds  also  aid  in  the  same  direction. 

Summary.  —  The  ocean  is  the  greater  barrier  to  the  spread  of 
land  plants;  bfU  even  tliia  is  iiot  an  absolute  barrier,  for  jAanta 
whose  seeds  can  be  carried  by  winds,  birds,  and  ocean  currents  art 
found  even  on  retnote  oceanic  islaiidn.  Deserts  and  mountains  are 
also  barriers;  and  wind  dierJcs  the  spread  of  plants  against  it. 

225.  Variatloa  in  Plants.  ^  Among  plants  there  is  a 
struggle  for  air,  food,  light,  water,  and  opportunity  to  re- 
produce their  kind.  This  struggle  is  going  on  everywhere  -, 
it  may  be  seen  in  a  neglected  flower  garden,  where  weeds 

i_^■^ 
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spring  up  from  chance  seeds,  and,  being  better  fitted  for  tbe 
struggle  than  carefully  nourished,  cultivated  plants,  take 
complete  possession  of  the  garden.  They  tower  above  the 
cultivated  plants,  shutting  out  light  and  robbing  the  roots  of 
water  and  mineral  food.  Under  such  conditions  the  culti- 
vated  flowers  are  small  and  imperfect. 

Because  of  this  struggle  for  existence  plants  are  steadily 
changing ;  and  those  that  best  fit  themselves  for  the  struggle 
have  the  best  chance  of  surviving  and  spreading.  This  has 
been  called  the  survival  of  the  fittest.  In  this  struggle  plants 
have  fitted  themselves  to  survive  the  cold  of  winter ;  to  live 
amid  the  unfavorable  surroundings  of  the  desert;  in  fact,  to 
grow  among  most  conditions  on  the  earth's  surface.  Fossils 
in  the  rocks  prove  that  similar  change,  or  evolution,  has  been 
in  progress  for  ages. 

The  following  will  serve  as  illustrations  of  how  plants  are 
forced  to  vary  with  environment,  that  is,  to  undergo  evolution.  A 
mountain,  rising  above  the  timber  line  and  bearing  an  Alpine 
flora,  ia  slowly  worn  down  to  the  low,  hilly  condition  of  maturity. 
If  the  plants  cannot  adapt  themselves  to  the  changes  in  climate, 
slope,  and  soil,  they  must  give  place  to  forms  better  fitted. 

The  effect  of  the  ice  sheet  offers  another  illustration.  As  it 
advanced  over  the  land,  it  either  drove  out  or  destroyed  all  life ; 
and  near  its  margin  the  climate  was  changed  from  warm  to  cold, 
so  that  the  plants  living  there  either  had  to  adapt  themselves  to 
the  changes  or  die.  When  the  glacier  melted  away  a  new  soil  was 
uncovered,  and  a  struggle  ensued  for  possession  of  it.  The  light- 
seeded  plants  came  first,  and  even  now  the  heavy-seeded  plants 
are  slowly  advancing  northward.  These  changing  conditions  have 
forced  some  species  to  evolve  new  characteristics.  The  history 
of  plant  life  during  past  ages  has  been  a  succession  of  changes 
by  which  plants  have  become  better  adapted  to  their  surroundings. 

Plants  undergo  many  changes  as  a  result  of  their  relation  to 
animals.  Since  animals  depend  on  plants  for  food,  some  means 
must  bo  provided  to  prevent  complete  destruction.-  For  this  pur- 
pose hard  wood,  thorns,  bitter  taste,  and  other  means  have  been 
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evolved.  Many  plants  make  use  of  animals,  for  example,  ia 
spreading  seeds  and  in  distributing  pollen.  Honey,  odor,  color, 
and  many  interesting  forms  of  flowers  are  provided  to  attract 
insects  and  to  secure  from  them  the  service  of  carryii^  the 
pollen. 

Man  is  now  one  of  the  most  important  agents  in  chang- 
ing plants.  By  giving  them  better  care,  with  plenty  of  light 
and  food,  and  removing  weeds,  thus  relieving  them  from 
the  struggle  with  other  plants,  he  is  able  to  secure  far  larger 
seeds  and  fruits  than  grow  naturally.  For  example,  a  good 
apple  tree,  left  to  itself,  soon  has  to  struggle  with  weeds  and 
bushes,  and  its  fruit  becomes  sour  or  bitter.  By  much  care 
and  many  devices,  men  are  constantly  producing  new  varie- 
ties of  flowers  and  fruit.  This  is  done  by  forcing  evolution 
to  work  more  rapidly  than  it  doea  naturally ;  and,  in  this  way, 
changes  may  be  caused  in  a  few  years  which,  by  natural 
processes,  might  require  centuries. 

Summttry. —  The  struggle  of  plants  to  adai>t  themselves  to  their 
surroundings,  that  is,  the  struggle  for  existence,  which  is  even/- 
where  and  cUways  in  progress,  causes  weaker  forms  to  die  out  and 
results  in  the  survivai  of  the  fittest.  Slow  changes  in  climate  or  i« 
land  form  cause  variation,  or  evolution,  in  plants.  Cliangea  are  also 
brought  about  for  the  purpose  of  protection  from,  or  maJcing  use  of, 
animals  ;  and  man  is  now  causing  changes  at  a  far  more  rapid  rate 
than  evolution  naturally  works. 

226.  Plants  of  Value  to  Uan.  —  Man,  like  other  members 
of  the  animal  kingdom,  depends  for  food  upon  plants.  Even 
though  he  may  feed  on  meat,  the  animal  from  which  it  came 
i-eceives  nourishment,  directly  or  indirectly,  from  plants.  In 
a  warm  climate  so  great  an  abundance  of  plant  food  may  be 
easily  obtained,  at  all  seasons,  that  there  is  little  need  of 
special  provision.  But  in  climates  with  a  dry  or  cold  season 
it  is  highly  important  to  provide  a  store  of  food  for  use  dur- 
ing the  unfavorable  season.  This  need  has  led  to  the  culti- 
vation of  food  plants. 
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The  portions  of  planta  most  useful  for  food  are  those  id 
which  nourishment  has  been  stored  to  aid  in  the  prop^a- 
tion  of  the  species.  Among  these  are  seeds,  like  wheat; 
fruits,  like  bananas;  bulbs,  like  onions;  and  tubers,  like 
potatoes.  Some  of  the  food  plants,  like  dates,  cocoanuts, 
bread  fruit,  and  bananas,  used  extensively  in  warm  climates, 
have  been  changed  very  little. 

Others,  especially  those  cultivated  in  the  temperate  zones, 
have  been  so  improved  that  they  are  now  quite  unlike  the 
original  plants  which  savage  man  first  ate.  The  most  im- 
portant of  these,  including  the  orange,  apple,  pear,  peach, 
cherry,  grape,  wheat,  barley,  oats,  and  rye,  have  been  carried 
to  many  parts  of  the  world.  In  the  case  of  many,  the  source 
is  not  now  known;  but  most  of  our  food  planta  apparently 
came  from  Asia,  where  they  have  been  cultivated  for  thou- 
sands of  years.  America  has  added  the  potato,  tomato, 
pumpkin,  and  Indian  corn,  or  maize,  as  well  as  tobacco. 

Plants  also  supply  us  with  materials  for  shelter,  clothing, 
medicine,  and  other  purposes.  Cotton  (Fig.  503)  is  the  most 
valuable  of  the  several  plant  fibers  used  for  clothing.  In  all 
lands  wood  is  used  both  for  shelter  and  for  ornamental 
purposes.  Sugar  (^"ig.  501),  coflfee,  tea  (Fig.  502),  cocoa, 
vanilla,  tobacco,  quinine,  and  many  other  plant  substances, 
not  of  vital  importance,  are  much  used  by  men.  The  list  of 
valuable  plants  is  a  very  long  one. 

For  food  and  clothing,  plants  are  carefully  cultivated;  but  for 
shelter  it  has  been  customary  to  depend  upon  the  forest,  which 
grows  without  care.  In  parts  of  Europe,  however,  so  much  of 
the  forest  has  been  removed  that  it  has  become  necessary  to  culti- 
vate even  the  forests,  planting  the  trees,  weeding  out  the  poor 
ones,  and  carrying  on  lumbering  with  great  care.  The  time  has 
now  arrived  in  America,  when  the  forest  needs  to  be  cultivated. 
Accordingly,  both  the  national  and  state  governments  have  set 
aside  large  tracts  as  forest  reservations.  A  division  of  the 
national  government  is  known  as  the  Bureau  of  Forestry,  and  a 
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number  of  states  have  forestry  bureaus.  There  are  also  schools  of 
forestry,  like  those  at  Cornell,  Yale,  Wisconsin,  and  Michigan 
universities,  where  men  are  seientilically  trained  to  be  foresters. 

Sumnury.  —  Man  oitd  oH  aniviala  rely  for  their  food,  either 
directly  or  indirectly,  on  the  vegetable  kingdom.  In  regions  Kith 
a  cold  or  dry  season,  it  is  necessary  to  provide  food  for  the  unfavor- 
able season,  and  tki3  has  led  to  tlie  cultivation  and  improvement  of  a 
number  of  plants  for  their  seeds,  fruits,  bulbs,  and  tubers.  Many 
plants  are  also  used  to  supply  materials  for  clothing  and  shelter; 
and  now  even  forests  are  cared  for  by  methods  of  scienlific  forestry. 


TopiCAt  Outline,  Review  Quebtions,  and  SnaoESTiONS. 

TopiCAi.  Outline.  —  209.  Importuiw  of  Air.  — Carbon  dioxide; 
carbon  in  plant  tisaues;  extent  of  air;  places  where  plants  aT«  abeent. 

310.  Importance  of  Temperature.  —  Effect  oE  freezing;  temporary 
freesitig;  effect  of  boiling;   plants  on  Greenland  ice;  in  hot  firings. 

211.  Importance  of  Sunlight.  —  Its  use;  plant  life  in  dark  places. 

212.  Importance  of  Water.  —  Use  of  water ;  sap ;  source  of  water. 

213.  Importance  of  Soil.  —  Water  plants;  epiphytes;  dependence  of 
most  land  plants  on  soil ;  plant  food ;  effect  of  differences  in  soil. 

214.  Importance  of  Gravity.  —  Koots;  stems;  wood;  waterplants. 

215.  Inflnence  of  Climate.  —  Lowly  plants;  higher  plants;  iUuBtratioDS ; 
effect  of  temperature;  of  moisture. 

216.  Arctic  Flora.  —  Rapid  growth;  liinds  of  plants;  clinging  no 
ground;  winter;  summer. 

217.  Temperate  Flora. ^ Timber  line  near  Arctic;  evei^reen  trees; 
kinds;  deciduous  trees ;  kinds;  dormant  condition  in  winter ;  perennial 
plants;  annuals;  treeless  regions;  sandy  soils;  "big  trees." 

218.  Tropical  Flora.  —  Subtropical  flora;  tropical  trees;  the  forest, 

219.  Flora  of  Savannas  and  Steppes.  —  Drought;  plant  growth. 

220.  Desert  Flora.  —  Scattered  growth;  large  roots;  nature  of  leaves; 
cacti ;  plants  with  disagreeable  taste ;  proof  that  water  alone  is  lacking. 

221.  Mountain  Flora.  —  Tropical  zone;  temperate  zone;  timber  line; 
Alpine  flora ;  flora  of  desert  highlands. 

232.'  Water  Plants.  —  Position;  kinds;  adaptation  of  trees. 

223.  Heans  of  Distribution.  —  Abundance  of  seeds;  devices  for  their 
spread;  distribution  —  wind,  animals,  rivers,  ocean  currents,  man. 

224.  Bairiers  to  the  Spread  of  Plants.  —  The  ocean  barrier;  ocean- 
island  flon;  desert  barrier;  mountain  barrier ;  wind  barrier. 

i_S'^ 
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225.  Variation  in  PUntj.  —  Cause  of  struggle ;  illuBtration  ;  struggle 
for  existence;  aurvival  of  the  fittest;  evolution;  illustrations  of  causes  for 
evolution;  evolution  in  past;  securing  protection  from  animab;  mnking 
use  of  animals;  effect  of  man  on  evolution. 

22Q.  PlsDta  of  Value  to  Kan.  —  Dependence  on  plants ;  plant  food  in 
warm  climates;  in  places  with  an  unfavorable  season;  parts  of  plants 
used;  improvement;  important  food  plants;  source  of  food  plants;  Ameri- 
can food  plants;  plants  used  for  other  purposes;  care  of  the  forest. 

Review  Questions,  — 209.  What  do  plants  take  from  the  air? 
Where  are  plants  absent? 

210.  What  is  the  effect  of  cold?  Of  heat?  Give  an  illustration  of 
adaptation  of  plants  to  cold.    To  heat. 

211.  Of  what  importance  is  sunlight?    What  effect  has  darkness? 

212.  Of  what  importance  is  water  ?     How  is  it  obtained  ? 

213.  What  plants  are  not  dependent  on  soil?  Of  what  importance  is 
soil  to  land  plants?    Why  is  fertilizer  used? 

211.   State  the  effects  of  gravity  on  land  plants.     On  water  plants. 

215.  How  are  plants  influenced  by  climate?    Give  illustrations. 

216.  State  the  peculiarities  of  plant  lite  in  the  Arctic. 

217.  What  are  the  conditions  of  tree  growth  near  the  frigid  zone  ? 
In  the  warmer  temperate  zone?  In  what  ways  are  plants  adapted  to 
winter  conditions?  How  does  the  flora  of  the  temperate  zone  vary? 
What  conditions  favor  the  "  big  trees  "  ? 

218.  What  is  the  subtropical  flora?  Name  some  of  the  tropical  trees. 
What  are  the  characteristics  of  the  tropical  forest? 

219.  What  are  the  characteristics  of  the  flora  of  savannas  and  steppes? 

220.  How  are  desert  plants  fitted  to  survive  periods  of  drought  ?  How 
are  they  protected  from  animals?    What  do  the  oases  prove? 

221.  What  changes  occur  in  the  flora  of  mountains?  Compare  Alpine 
and  Arctic  flora.     What  are  the  conditions  on  highlands  in  deserts  ? 

222.  What  kinds  of  plants  thrive  in  water?  How  are  trees  adapted 
to  water  life  ? 

223.  Why  are  so  many  seeds  produced?  What  devices  are  there  to 
aid  in  the  spread  of  seeds?    By  what  agencies  are  plants  spread? 

224.  Why  is  water  a  barrier  ?  How  is  it  certain  that  the  ocean  is  not 
an  absolute  barrier  ?     What  other  barrier's  are  there  ? 

225.  For  what  are  plants  struggling  ?  (iive  an  illustration.  What  is 
the  result  of  the  struggle?  What  do  fossils  prove?  Give  two  illuatra- 
tJonq  of  how  changes  on  the  earth  may  influence  evolution.  What  is  the 
effect  of  the  relation  between  plants  and  animals?  How  is  man  infin- 
encing  evolution? 

226.  How  is  man  dependent  on  plants?    What  b  the  condition  in 
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warm  etiolates?  Iq  regions  with  cold  or  dry  seasons?  What  parta  of 
plants  are  used  for  food?  Wliat  effect  has  cultivation  had?  Where 
have  the  caltivated  plants  coma  from?  For  what  other  purposes  are 
plants  used?     What  ia  now  being  done  with  the  forest? 

SuOQESTiONS.  —  (1)  Place  a  hardy  plant,  such  as  moss,  in  boiling 
water  for  a  few  minutes,  and  plant  it  to  see  if  it  will  grow  again. 
(2)  Freeiie  the  same  plant  fur  a  night  and  see  if  it  will  grow.  Freeze 
a  delicate  plant,  for  example  a  geranium,  and  see  if  it  will  contione  to 
grow,  (3)  Place  a  plant,  say  a  geranium,  in  the  cellar  and  let  it  grow 
for  a  few  weeks,  and  note  the  change.  (4)  I^eave  a  plant  in  its  pot  with- 
out water  and  see  if  it  growa  Keep  water  up  to  the  top  of  the  earth  (a 
swamp)  and  see  if  it  kills  the  plant.  Get  a  cactus  aud  see  if  it  will  live 
in  dry  soil.  Study  the  cactus,  (y)  Using  the  same  kind  of  seed,  try 
growing  plants  in  several  different  kinds  of  soil,  —  aandy,fertile  loam,  etc., 
and  see  which  thrives  best  (8)  Try  to  burn  ash.  Perhaps  the  teacher 
of  chemistry  can  sug'gest  an  experiment  to  prove  that  there  is  mineral 
matter  in  ash.  (7)  I'ut  a  plant  in  a  pot,  inclining  it  at  an  angle  to  the 
surface.  Will  it  keep  on  growing  in  that  direction?  (8)  Collect  and 
study  seeds  to  see  what  devices  tliey  use  for  distribution.  (9)  Plant  a  bean 
in  a  flower  pot  in  absolutely  dry  earth  (a  desert).  Does  it  sprout  ?  Place 
one  in  a  jar  of  water.  Does  it  grow  after  it  has  used  np  the  nourishment 
in  the  seed?  This  illustrates  why  deserts  and  water  are  barrieis. 
(10)  Study  the  flora  of  your  vicinity  to  sea  i£  the  plants  vary  in  kind 
from  one  soil,  or  exposure,  to  anotlier.  If  there  is  a  swamp,  find  how 
the  swamp  plants  are  different  from  those  on  dry  slopes.  (11)  Whatcropa 
are  raised  in  your  vicinity?  What  crops  cannot  be  raised?  Why?  Is 
there  a  difference  in  crops  according  to  tlie  soil?  (12)  Make  a  list  of 
plants  valuable  to  man,  their  principal  uses,  and  the  localities  trom  which 
they  come.  L«t  each  student  make  a  list,  than  combine  it  for  the  use  of 
the  whole  class. 

Reference  Books.  — Coitltick,  Plant  Relaiion*,  Appleton  &  Co.,  New 
York,  1899,  #1.10;  Merriam,  Ll/e  Zona  and  Crop  Zonti  of  United  Slala, 
Departcnent  of  Agriculture,  Biological  Survey  Division,  Bull,  10,  18B8, 
Washington,  D.C. ;  Baii.ey,  Plant  Breeding,  Macmillan  Co.,  New  York, 
18aj,%l.m;  Survien!  of  Ihe  f/nftie,  Macmillan  Co.,  New  York,  1808,  |2-00; 
Fkrnow,  Economics  of  Fortsiry,  Crowell  &  Cot  New  York,  1003,  tl.SO; 
GiFrORD,  Praelical  Foreitry,  Appleton  &  Co,  New  Yoii,  1902,  %l2a. 
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CHAPTER  XVIIL 

DISTBmnnON   of   AmMALS. 

227.  Influence  of  Surroundings.  —  Plants  and  animals  are 
alike  in  being  dependent  for  life  on  their  BurrouudingB. 
Like  plants,  all  animala,  even  those  on  the  sea  bottom,  need 
air  to  breathe ;  all  require  water  for  their  blood  and  tiBSues ; 
and  for  all  it  is  necessary  that  the  temperature  shall  be  neither 
too  high  nor  too  low.  Temperatures  near  the  boiling  point, 
or  long  continued  below  the  freezing  point,  are  fatal  to  animal 
tissues.  Many,  especially  the  lower  animals,  are  able  to  sur- 
vive a  period  of  freezing ;  others  protect  themselves  by  a  coat 
of  fur,  feathers,  or  fat ;  and  some,  such  as  bears,  lie  dormant 
in  a  protected  place  during  the  cold  season. 

Host  water  and  many  land  animals  are  cold-blooded ;  that  is, 
their  temperature  changes  with  their  surroundings.  They  re- 
quire so  little  air  that  many  of  them  obtain  all  they  need  from  the 
water.  Other  animals,  the  birds  and  mammals,  are  warm-blooded, 
the  warmth  being  due  to  slow  combustion  caused  within  their 
bodies  by  the  oxygen  they  breathe  (p.  229).  Such  animals  require 
muoh  oxygen  and,  even  if  they  live  in  water,  as  the  whales  do, 
must  rise  to  the  air  to  obtain  it.  Those  that  live  in  water,  or  in 
cold  climates,  need  to  protect  themselves  by  a  warm  covering  in 
order  to  keep  the  warmth  in  their  blood. 

Animals  differ  from  plants  in  the  way  in  which  they  secure 
food.  Whiie  some  remain  fixed  in  one  place,  depending  on 
supplies  brought  to  them,  as  plants  do,  most  animals  seek  their 
food.  They  need  carbon  and  mineral  substances,  but  are  unable 
to  secure  them  directly  from  air  and  earth.  They  depend  upon 
plants  to  perform  this  work,  and  the  basis  of  animal  food  is,  there- 
for^ plant  life.     Even  the  food  of  fiesh-eating  animals  may  be 
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traced  back  to  the  plant  kingdom.    Thus  plants  are  of  vital  unpor- 
tance  to  animals. 

Unlike  plants,  animals  do  not  absolutely  require  sunlight,  since 
they  do  not  need  it  to  transform  air,  water,  and  mineral  matter  to 
food,  as  plants  do.  Consequently,  animals  are  able  to  live  even 
in  the  darkness  of  the  deep  sea. 

Like  plants,  animals  are  strikingly  adapted  to  their  sur- 
roundings ;  ;f  they  were  not,  they  would  perish.  Some  spend 
most  ot  their  time  in  the  air;  some  live  part  or  all  of  the 
time  in  water ;  some  dwell  in  trees ;  some  have  homes  ou 
the  land  surface ;  and  some  dwell  at  least  part  ot  the  time 
undergioimd.  Flying,  climbing,  swimming,  and  running 
are  developed  to  aid  either  in  securing  food  or  in  escaping 
enemies.  For  these  purposes  there  are  many  modifications 
in  the  shape  of  the  body,  —  for  example,  wings  for  flying; 
lung  arms,  claws,  and  tails  for  climbing ;  fins  and  boat- 
shaped  bodies  for  swimming ;  long  legs  for  running. 

Gravity  influences  the  form  and  structure  of  the  body.  Since 
man  stands  upright,  two  legs  only  are  required ;  but  four  legs  are 
necessary  to  snatain  a  body  that  ext«nds  parallel  to  the  ground. 
Strong  bones,  or  other  structures,  are  needed  to  support  the  body 
on  land ;  but  in  water,  which  is  denser,  bones,  where  present,  are 
much  lighter.  To  maintain  themselves  in  the  air,  flying  birds 
have  more  feathers  and  lighter  bones  than  running  birds,  and 
in  most  cases  their  bodies  are  smaller. 

Summary.  —  All  animals  must  have  air  for  breathing,  viater  for 
blood  and  (t'ssues,  and  a  lempemlitre  neither  too  high  nor  too  loic. 
There  are  bath  tcarni  and  cold  (ilooded  animals,  and  ail  are  depend- 
eitt  on  the  }>lant  kinijdom  for  food.  Aninuds  are,  in  many  tcatfa, 
adapted  lo  their  surroundings  ;  and  there  are  many  modification* 
fitting  them  to  secure  food  and  eJKn;«  enemies.  Gravity  infiuencea 
tlie  form  and  structure  of  the  body  in  many  ways. 

228.    Animal  Life,  or  Fauna,'  of  the  Arctic.  —  No  animals 

1  A  fauna  Is  the  assemblnge  of  aniroale  occupying  n  legioa  Thna  we 
may  speak  of  a  GreeuUnd  fauna,  an  Alaakan  faiuia,  «tc. 
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Flo.  505.  —  A  group  ul  Arctic  BDinuJs. 


[0.006.  — Polar  basr  and  Arctic  Be»l.    The  Flo,  B07. —  Walrus.     The   legs 

Ic^  of  the  seal  are  changed  to  finlike  have    been     modified      tor 

appeadages,  used  for  Bwimmlng  and  for  Bwimming  and  tor  climbiDg 

climbing  upon  the  Ice,  upon   tite  tee. 


FiQ.  SOS.  —  Arctic  wbaU.  The  Uga  have  almost  disappeared,  and  the  tail  is  used 
lot  swimming.  In  the  moutli  nf  this  wtmle  Is  a  large  amount  of  valuable 
whalebone,  on  the  edges  of  wlilch  ate  (rluges  nhich  strain  [rom  the  water  the 
small  anlmalculn  upon  which  the  whale  lives. 
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live  in  the  ice-covered  interior  of  Greenland ;  but  in  and  near 
the  Arctic  Ocean  there  is  much  life,  especially  in  summer. 
There  are  many  kinds  of  fishes  and  other  sea  animals,  and 
a  great  variety  of  sea  birds  feeding  on  them.  When  the 
freezing  of  the  sea  and  land  cuts  off  their  food  supply,  most  of 
the  birds  are  forced  to  go  southward ;  wild  geese,  for  instance, 
which  spend  the  summer  on  the  tundras  of  northern  Amer- 
ica, fly  as  far  south  as  Mexico.  Other  species  go  no  farther 
south  than  Labrador  and  Newfoundland.  During  the  sum- 
mer, birds  congregate  in  great  numbers  in  their  breeding 
places  and,  when  frightened  from  their  nests  on  the  cliffs,  rise 
into  the  air  in  clouds. 

On  the  land  there  are  crows,  ptarmigans,  and  some  smaller 
birds  ;  also  hares,  foxes,  reindeer  (called  caribou  in  America), 
and  musk  ox  (Fig.  505).  There  are  practically  no  reptiles, 
for  the  great  cold  is  unfavorable  to  such  cold-blooded  animals; 
but  there  are  numerous  insects,  of  which  the  mosquito  is 
especially  abundant. 

A  number  of  mammals  live  part  or  all  of  the  time  in  the 
sea.  The  polar  bear  spends  most  of  his  time  on  the  sea  ice, 
seeking  the  seal  for  food  (Fig.  506).  There  are  walruses 
(Fig.  507)  and  a  number  of  species  of  seal,  —  warm-blooded, 
air-bi'eathing  mammals,  which  now  and  then  leave  the  sea 
for  a  short  time  and  take  to  the  ice  or  shore.  Whales  also 
live  in  the  Arctic  (Fig.  508),  but,  though  air-breathing,  they 
never  leave  the  water, 

The  warm-blooded  animals  are  well  adapted  to  life  in  the  severe 
Arctic  climate.  They  are  well  protected,  the  birds  with  warm 
feathers  and  down,  which  keep  out  wind,  water,  and  cold,  the 
mammals  with  f\tr  or  fat,  or  both.  In  winter,  when  most  needed, 
the  fur  is  thickest.  Eider  down  and  the  fur  of  the  fur  seal  of 
Bering  Sea  are  highly  valued  for  their  warmth  and  beauty. 

Many  Arctic  animals,  like  the  fox,  hare,  and  polar  bear,  are 
white  like  the  snow  and  ice  around  them,  thus  escaping  potice, 
both  from  their  foes  and  their  prey.    The  ptarmigan bsopnjes.^hite 
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in  winter ;  but  its  summer  plumage  resembles  the  vegetation  amid 
vliich  it  feeds.  The  baby  seal,  which  spends  its  first  days  on  the 
ice,  is  also  white ;  but  as  it  grows  older,  and  takes  to  the  water,  its 
color  changes  to  more  nearly  resemble  the  water. 

Summair-  — In  the  Arctic  region  titere  are  many  sea  birds,  whicA 
move  sotUkward  in  winter  when  thefi-eexing  of  sea  and  land  cuts  off 
their  food  supply.  On  the  land  there  are  a  few  birds  and  mammal*, 
numerous  insects,  but  practically  no  reptiles.  A  number  of  mammals 
live  part  or  all  of  the  tiine  in  the  sea.  Warm-iilooded  Arctic  animaia 
are  protected  from  the  cold  by  fur,  feathers,  and  fat,  and  are  often 
white  like  the  surrounding  snow  and  ice. 

229-  Temperate  Fatiaa.  —  In  the  temperate  zones  animal 
life  is  more  varied,  and  differs  greatly  from  place  to  place. 
Certain  species,  like  the  bison  (Fig,  518)  and  antelope,  have 
become  especially  adapted  to  life  on  open  plains  ;  others,  like 
the  moose  and  squirrel,  to  the  forest;  others,  like  the  moua- 
tain  sheep  and  chamois,  to  high  mountains ;  others,  like  the 
jack  rabbit,  coyote,  and  camel,  to  arid  lauds.  Some,  like 
the  blindfiah,  live  in  caves,  losing  their  eyes  because  they 
are  not  needed  in  the  darkness.  Still  others,  like  the  earth- 
worm, woodchuck,  prairie  dog,  and  mole,  burrow  in  the  soil, 
spending  part  or  all  of  their  lives  underground.  Some,  like 
the  owl  and  wild  cat,  sleep  by  day  and  hunt  by  night  when 
their  prey  are  asleep ;  but  the  majoiity  rest  when  it  is  dark. 

An  enumeration  of  all  the  animals  of  the  temperate  zones  would 
be  a  long  list,  for  there  is  much  variety  among  mammals,  birds, 
reptiles,  insects,  and  other  groups.  Among  the  birds  are  hawks, 
e^les,  owls,  hamming  birds,  thrushes,  and  a  large  number  of 
singing  birds;  and  along  the  coast  there  are  many  sea  birds,  in- 
cluding gulls,  terns,  ducks,  and  snipe.  Among  mammals  are  the 
bear,  fox,  wolf,  deer,  antelope,  elk,  moose,  wild  cat,  squirrel,  and 
hare,  besides  others  mentioned  above  (Figs.  609,  510).  One 
peculiar  animal  of  the  United  States  is  the  opossum,  which  be- 
longs to  the  same  division  of  the  animal  kingdom  as  the  kangaroo. 

Many  animals  of  the  temperate  zone  are  protected  by  a  coat  of 
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fur,  highly  prized  by  man.  Fur-beaiing  animals  of  value,  including 
mink,  otter,  sable,  and  beaver,  are  found  especially  in  the  cold 
north,  where  they  are  sttl!  hunted.  The  beaver  (Fig.  509),  a  very 
interesting  animal,  cuts  down  trees  and  bushes  with  which  to  build 
dams  to  make  ponds  and  swamps  in  which  its  plant  food  grows. 
His  sharp  teeth  and  flat  tail  are  especially  adapted  to  thia  work, 

Sumniaiy.  —  AnimaJ  life  in  the  temperate  zone  is  ahrmdant  and 
varied,  different  gpecies  being  adapted  to  life  on  the  prairies,  in  the 
forest,  on  mountains,  in  arid  lands,  in  caves,  and  underground. 
Many  mammata  have  far  of  value  to  man. 

230.  Tropical  Fauna.  —  Since  plants  are  the  basis  for  ani- 
mal food,  animal  life  thrives  where  plants  abound.  Hence, 
animals  are  abundant  in  the  tropical  forest.  Innumerable 
insects,  feeding  on  pollen,  honey,  leaves,  bark,  wood,  or  decay- 
ing vegetation,  some  in  trees  and  some  on  the  ground,  furnish 
food  for  countless  birds.  The  insects  include  many  beauti- 
ful butt«rflies ;  also  the  interesting  white  ants,  or  termites, 
which  build   great  structures  of  earth  in  wliich  to  dwell. 

The  birds,  including  parrots,  paroquets,  humming  birds, 
and  birds  o£  paradise,  number  thousands  of  species.  There 
are  also  many  reptiles,  including  turtles,  alligators,  lizards, 
and  snakes.  Among  the  snakes  are  venomous  species,  and 
huge  boa  constrictors,  which,  hanging  from  the  trees,  resem- 
ble thick  vines.  One  of  the  lizards,  the  iguana,  attains  a 
length  of  several  feet.  The  mammals  include  the  lion,  tiger, 
hippopotamus,  rhinoceros,  giraffe,  and  elephant  of  the  Old 
World  (Figs.  511,  512),  and  the  jaguar,  puma,  tapir,  arma- 
dillo, and  sloth  of  the  New  (Fig.  514).  There  are  also 
monkeys,  orang-outangs,  gorillas,  antelope,  deer,  zebras,  and 
many  other  mammals. 

Sammary The  abundaitce  of  plants  in  the  tropical  zone  permits 

the  existence  of  a  great  variety  of  insects,  birds,  reptiles,  and  mammals. 

331.  Desert  Fauna.  — A  complete  list  of  the  desert  ani- 
mals would  Le  much  shorter  than  that  of  a  humid  forest 
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region.  There  is  a  great  contrast  between  the  abundance 
and  variety  of  life  in  the  African  forest  and  its  paucity  in 
the  Sahara  desert.  There  is  also  a  decided  contrast  between 
^he  abundant  and  varied  life  in  an  Arkansas  forest  and  the 
limited  fauna  of  the  desert  portion  of  southwestern  United 
States.  There  the  chief  animals  are  the  antelope,  puma, 
coyote,  jack  rabbit,  cotton-tail  rabbit,  rattlesnake  (Fig.  510), 
horned  toad,  and  a  limited  number  of  birds  and  insects. 

Animals  need  to  be  peculiarly  adapted  for  life  on  a  desert ;  and 
their  number  and  variety  are  limited  by  the  emaU  amount  of  water 
and  plant  food.  Some,  like  the  snakes,  require  little  wat«r,  aside 
from  what  they  secure  from  the  animals  they  eat ;  others  are  sup- 
plied with  water  from  the  roots  or  stems  of  the  desert  plants 
upon  which  they  feed ;  and  still  others  live  near  springs,  or  go 
long  distances  to  them.  The  camel  (Fig.  512)  is  wonderfidly 
adapted  to  desert  life.  It  is  able  to  make  long  journeys  on  the 
desert  because  of  the  store  of  water  which  it  carries  in  its  water 
pouch;  its  broad,  flat  feet  are  admirably  suited  for  travel  over 
Bandy  surfaces ;  and  its  nostrils  may  be  closed  to  keep  out  sand 
which  the  wind  blows  about. 

Summary.  —  Tlie  dryness  of  the  climate,  and  ike  scarcity  of  plant 
food,  limit  animal  life  in  the  desert;  but  some  species,  like  the  camei, 
are  peculiarly  adapted  to  fntck  a  life. 

232.  Fresh-water  Fauna.  —  Rivers  and  lakes  have  varied 
faunas,  including  especially  fishes,  insects,  and  lower  inver- 
tebrates, or  animals  without  a  backbone.  Among  fishes  many 
are  of  value  for  food,  and  some,  such  as  salmon  and  shad, 
come  from  the  sea  into  fresh  water  to  lay  their  eggs.  A  num- 
ber of  birds  and  mammals,  such  as  the  duck,  beaver,  muskrat, 
mink,  hippopotamus,  and  manatee  or  sea  cow  (  Fig.  514),  spend 
part  or  all  of  their  time  in  fresh  water,  feeding  on  water 
plants  and  animals.  Many  insects  and  amphibia  (toads, 
frogs,  salamanders,  etc.)  breed  in  water,  coming  to  dry  land 
during  a  later  stage.  Numerous  reptiles,  including  croco- 
diles, alligators,  turtles,  and  some  snakes,  live  in  fresh  water. 
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There  are  many  differences  in  fresh-water  life.  Foi-  example, 
the  faunas  of  muddy  water,  aandy  bottoms,  swampy  ponds, 
quiet  water,  and  flowing  rivers  are  quite  different.  Cold 
water  supports  less  abundant  and  viiried  faunas  than  warm ;  and 
aalt  lakes  have  very  few  animals.  Tlie  Dead  Sea  receives  its  name 
because  of  the  general  absence  of  life,  contrasting  strikingly  with 
the  fauna  of  the  neighboring  fresh-water  Sea  of  Galilee. 

\\Tien  arms  of  the  sea  are  inclosed  and  changed  to  fresh  water, 
most  of  the  marine  animals  die,  though  some  species  may  survive ; 
also  marine  animals  that  enter  fresh  water  may  be  prevented  from 
returning  to  the  sea.  The  landlocked  salmon  is  a  sea  fish  that 
has  adapted  itself  to  permanent  life  in  fresh  water. 

Sninnuty.  —  Lower  invertebrates,  insects,  Jish,  birds,  mammtxls, 
amphibia,  and  reptiles  are  adapted  to  life  in  fre»h  water;  and  faunas 
vary  with  surrounding  conditions. 

233.  Homea  of  Animals.  —  As  a  whole,  invertebrate  animals  are 
peculiarly  suited  to  life  in  water.  Insects  are  the  principal  excep- 
tion, though  spiders,  snails,  and  other  invertebrates  are  also  laud 
dwellers.  While  most  insects  live  on  land,  many  live  in  fresh 
water,  and  a  few  in  the  sea;  and  some,  such  as  the  mosquito, 
spend  the  early  part  of  their  life  in  the  water, 

Beptiles  and  amphibia  are  inhabitants  of  both  land  and  fresh 
water,  though  some,  like  the  turtle,  live  in  the  sea. 

While  some  birds,  such  as  the  penguin,  ostrich,  emu,  and  rhea, 
are  unable  to  fly,  most  birds  are  especially  fitted  to  live  partly  in 
the  air  and  partly  in  trees  or  on  the  ground.  Many,  like  the 
duck  and  penguin,  spend  much  of  their  time  in  the  water. 

Mammals  are  mainly  land  dwellers ;  but  the  limbs  of  the  bat 
have  been  changed  for  use  in  flight,  and  of  the  seal,  walrns,  sea 
cow,  and  others  for  use  in  swimming.  Not  a  few,  like  the 
monkey,  sloth,  opossum,  wild  cat,  and  jaguar,  spend  most  of  their 
lives  in  trees. 

Smmnary-  —  Inveiiehrates  are  typically  wafer  dwellers,  though 
sotne  groups,  especially  most  of  the  insects,  lice  on  Ike  land.  Bep- 
tiles and  amphibia  are  land  and  water  dwellers  ;  birds,  typical  air 
dwellers,  are  also  found  in  the  water  and  on  the  ground  ;  mammcda, 
typical  land  dwellers,  are  also  found  in  the  air  and  water,^ 
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234.  Spread  of  Animals.  —  As  in  the  case  of  plants,  there 
is  a  tendency  for  animals  to  spread.  To  insure  this,  more 
young  are  born  than  can  possibly  live,  some  dying  for  lack  of 
food,  others  being  killed  by  enemies.  It  is  during  the  young 
stage  that  animals  are  least  able  to  protect  themselves,  and 
those  animals,  like  fishes,  which  do  not  protect  their  young, 
must  lay  thousands  of  eggs  in  order  that  one  of  their  off- 
spring may  reach  maturity. 

It  is  a  great  step  in  advance  when  the  young  are  pro- 
tected and  fed  by  the  parents,  as  among  birds  and  mammals, 
or  among  bees  and  some  other  insects.  Then,  since  they 
receive  protection  during  the  critical  stage  of  youth,  fewer 
offspring  are  necessary.  Those  animals  that  take  the  best 
care  of  their  offspring  are  the  highest. 

The  tendency  to  spread  has  taken  animals  to  all  parts 
of  the  earth ;  and  evolution,  or  the  tendency  to  change  so  as 
to  become  better  adapted  to  surroundings,  has  caused  them  to 
vary.  It  is  because  of  evolution  that  tlie  European  reindeer 
and  American  caribou,  though  of  the  same  stock,  are 
slightly  different.  The  African  elephant  is  a  different  spe- 
cies from  that  of  Asia,  tliough  from  the  same  original  source; 
and  the  mammoth  and  maittodon,  living  in  a  cold  climate,  had 
a  hairy  coat,  quite  unlike  the  elephants  of  warm  regions. 

Ocean  dwellers  (p.  195)  are  among  the  most  widespread 
of  animals.  They  swim,  or  are  drifted,  here  and  there; 
and  their  surroundings  are  so  uniform  that  there  is  little 
reason  for  change.  Because  they  can  fly,  insects,  birds, 
and  bats  are  among  the  most  widely  distributed  of  land  ani- 
mals. Those  animals  that  walk  or  crawl  move  more  slowly, 
meet  more  enemies,  and  find  more  barriers  to  overcome,  such 
as  rivers,  mountaina,  deserts,  and  sea.  For  these  reasons  the 
large  mammals  and  running  birds  are  usually  confined  to 
limited  areas.  Yet  some,  especially  the  fierce  carnivorous 
animals,  cover  a  wide  range  ;  the  tiger,  for  example,  lives  in 
the  hot  jungle,  on  open  plains,  and  on  cool  mountain  slopes. 
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Snmmvy.  —  Many  animcUs  viake  provision  for  the  spread  of  the 
species  by  tfie  production  of  numerous  offspring  ;  but  higher  animals 
protect  their  young  so  that  fewer  offspring  ai-e  necessary.  Animals 
Tuive  migrated  to  all  parts  of  the  earth,  fitting  themselves  by  evolution 
to  their  surroundings.  Ocean  and  flying  animals  are  most  widely 
tlistributed,  white  land  dwellers  move  more  dowly  and  are  often  conr 
^ned  to  very  limited  areas. 

235.  Barriers  to  the  Spread  of  Animals.  — The  spread  of 
auimals  is  iDterfered  with  by  the  same  barriers  as  in  the  case 
of  plants.  Water  is  the  greatest  barrier ;  but  it  is  overcome 
by  flying  animals  and  by  those  small  forms  that  may  be 
drifted,  clinging  to  logs.  The  tropical  forest  is  a  barrier  to 
s  desert  animal,  and  the  desert  to  one  that  needs  water 
every  day.  Nor  can  animals  accustomed  to  a  warm  climate, 
or  to  life  on  plains,  easily  cross  to  the  other  side  of  a  cold, 
rugged  mountain  range.  Thus  very  different  faunas  may 
exist  on  opposite  sides  of  such  barriers,  though  some  species, 
especially  those  that  fly,  will  be  the  same  on  both  sides. 

Samnury. —  The  same  barriers — water,  desert,  and  mountain — 
affect  both  animals  and  plants;  they  are  most  easily  overcome  by 
flying  animals. 

236.  Island  Faunas.  —  The  influence  of  the  ocean  as  a 
barrier  is  well  illustrated  by  the  Bermuda  Islands,  which  lie 
about  600  miles  east  of  the  Carolina  coast,  the  nearest  land. 
They  have  never  been  connected  with  the  continent,  and  yet 
the  animals  and  plants  are  quite  like  those  of  the  mainland. 
The  flora  includes  the  eedar  and  other  northern  plants,  and 
cactus,  palmetto,  oleander,  and  other  southern  forms. 

Tlie  fauna  consists  principally  of  insects  and  birds,  in- 
cluding ground  doves,  redbirds,  bluebirds,  and  catbirds,  like 
those  on  the  mainland.  A  small  West  Indian  lizard  is  also 
found  ;  and  there  are  bats,  the  only  native  mammals. 

The  lizards,  and  some  of  the  insects,  were  probably  drifted 
there  by  ocean  currents;  the  birds,  bats,  and  many  insects. 
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flew  across  or  were  drifted  by  the  wind.  Every  year  birds 
from  the  mainland  are  seen  in  Bermuda,  some  resting  during 
migration,  others  driven  out  to  sea  by  winds. 

It  is  not  at  all  uncommon,  far  from  land,  to  see  small  birds 
resting  on  the  spars  and  decks  of  vessels;  and  even  the  tiny 
humming  bird  has  found  its  way  as  far  as  Bermuda.  Doubt- 
less the  small  land  birds,  driven  out  to  sea  during  storms,  find 
resting  places  on  logs  and  clusters  of  floating  seaweed ;  but  many 
must  perish. 

Similar  conditions  esist  in  the  Azores,  oS  the  European  coast, 
and  the  Galapagos  Islands,  west  of  South  America.  The  word 
Azores  moans  hawk,  and  Gidapagon,  turtle,  the  names  being  given 
because  these  animals  were  common  when  the  islands  were  dis- 
covered. Animals  have  crossed  the  ocean  barrier  to  even  the 
most  remote  islands,  like  the  Hawaiian  Islands  in  the  mid-Pacific 

Summary.  —  Tlie  Bermuda  and  other  islands,  even  the  moat 
remote,  have  plant  and  animal  life  from  the  mainland,  showitig  that 
the  ocean  barrier  can  be  crossed.  Every  year,  birds  stop  on  the  Ber- 
mudas during  rnigration,  or  because  drifted  out  to  sea  hy  alorms. 

237.  Australian  Fauna.  —  The  fauna  and  flora  of  Australia 
are  both  peculiar.  Among  the  birds  are  the  emu  and  casso- 
wary, two  running  birds ;  also  parrots,  lyre  birds,  and  other 
peculiar  kinds.  The  mammals  include  several  species  of  mar- 
supials, tlie  very  peculiar  ■moiiotremes,  and  a  few  other  species 
(Fig.  513).  The  monotremes,  the  lowest  order  of  mammals, 
are  represented  by  the  remarkable  duck-billed  platypus  (Fig. 
513),  which,  unlike  other  mammals,  lays  eggs.  The  marsu- 
pials, another  low  order  of  mammals,  to  which  the  opossum 
belongs,  include  the  kangaroo.  Tliese  animals  carry  their 
young  in  a  pouch,  and,  instead  of  walking,  hop  about  by 
means  of  their  long  hind  legs  and  stout  tail.  Although 
higher  forms  of  mammals  inhabit  southern  Asia  and  the  East 
Indies,  they  have  not  found  their  way  to  Australia. 

The  explanation  of  this  pecidiar  life  is  as  follows.  Fossils  in 
the  rocks  prove  that,  far  back  in  time,  monotremes  and  marsupials 
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were  widespread.  Australia  was  then  so  connected  with  other 
continents  that  these  animals  were  able  to  migrate  there.  Fiercer 
animals  have  developed  in  the  other  continents  and  have  killed 
off  the  monotremes  and  must  of  the  marsupials ;  but  they  have 
been  prevented  from  reaching  Australia  because  sinking  of  the 
land  has  cut  off  its  connection  with  other  continents.  Therefore, 
animals  that  belong  to  the  geological  yesterday  are  to-day  living 
in  Australia,  though  unfit  to  survive  in  other  lauds.  They  remain 
there  only  because  the  ocean  protects  them  from  the  invasion  of 
stronger  species.  Even  dogs,  introduced  by  man,  and  now  run- 
uing  wild,  are  playing  havoc  among  the  defenseless  marsupials. 

Stunmaiy.  —  Tlte  Awatraiian  fauna  is  peculiar,  because  the  ocean 
barrier  has  prevented  stronger  species,  developed  on  other  cotiUjients, 
from  entering  and  destroying  the  defenseless  animals  that  came  long 
ago,  before  these  stronger  species  had  been  evolved,  and  when  Au*- 
tralia  v:aa  united  with  other  lands. 

238.  South  American  Fauna.  —  South  American  animals  are  also 
peculiar,  though  leas  so  than  those  of  Australia,  The  huge  condor 
(Fig.  514),  the  largest  of  flying  birds,  lives  there;  also  the  rhea,  a 
running  bird,  sometimes  called  the  American  ostrich  ;  the  llama 
and  its  allies;  various  species  of  monkey;  the  sloth  ;  the  ant-eater; 
the  armadillo ;  the  tapir ;  and  other  strange  forms  (I'ig-  514).  The 
fact  that  these  peculiar  animals  exist  in  South  America,  while 
only  part  of  them  extend  up  into  southern  North  America,  leads 
to  the  belief  that  South  America  has  also  been  cut  off  from  other 
lands,  though  not  for  so  long  a  time,  nor  so  continuously,  as 
Australia. 

Summary.  —  The  peculiar  fauna  of  South  America  also  indicates  a 
former  separation  from  other  lands,  but  not  so  long  or  so  continuous 
as  in  tlie  case  of  Australia. 

239.  Paunas  of  Other  Conthients.  —  There  is  much  closer  resem- 
blance between  the  life  on  other  continents.  In  the  north  tem- 
perate zone  there  is  such  resemblance  as  to  lead  to  the  belief  that 
there  has  l)een  even  better  connection  in  the  past  than  at  pi'esent. 
For  example,  hairy  elephants  (mamniotha  and  mastodons),  now 
extinct,  lived  in  Siberia,  Europe,  and  North  America;  and  among 
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liviQg  animals,  there  are  close  resemblauces  thtonghout  the  whole 
region.  The  faunas  of  Africa  and  southern  Asia  are  also  quite 
alike  (Figs.  611,  512),  indicating  cioae  connection. 

SDmmary.  —  There  ts  close  reneTTiblance  between,  tlte  /aunas  of 
nort!iem  Asia,  Europe,  and  America;  also  Africa  and  southern 
Asia,  indicating  former  land  connection. 

210.  Zones  of  Animal  Life.  —  The  distribution  of  animals, 
described  above,  has  led  to  the  division  of  the  earth  into 
several  zones,  realms  and  regions  (Fig.  515),  each  differing 
in  important  respects  from  the  others.  The  differences  be- 
tween these  zones  are  due  to  two  principal  facts :  (1)  that 
barriers  —  mountain,  desert,  and  ocean  —  have  checked  the 
spread  of  animals  ;  and  (2)  that  evolution  haa  developed 
animals  of  different  kinds  on  opposite  sides  of  a  barrier.  The 
boundaries  of  these  zones  are  not  sharply  marked,  nor  are  the 
zones  absolutely  unlike  ;  for  some  species  will  find  their  way 
across  even  the  greatest  barrier. 

Summary.  —  Barriers  and  evolution  have  caused  such  differences 
among  antTnals  thai  several  zones  of  animal  life  are  recognized. 

241.  Influence  of  Man.  —  Man  has  been  a  very  important 
agent  in  causing  changes  among  animals.  In  most  parts  of 
the  world  he  has  come  in  as  an  enemy,  either  seeking  animals 
for  his  food  or  killing  them  because  they  destroy  it.  As  a 
result,  he  has  caused  such  a  decrease  among  lai^e  wild  ani- 
mals that,  in  parts  of  America  and  Europe,  very  few  remain. 

Some  species,  like  the  bison,  have  been  almost  exterminated 
(Fig.  518).  Others  have  completely  disappeared,  for  example, 
the  mammoth  and  mastodon,  with  whose  tinal  extinction  savage 
man  doubtless  had  something  to  do.  The  dodo,  a  large  running 
bird  in  the  island  of  Mauritius,  and  the  great  auk  (Fig.  605),  once 
BO  common  along  the  northeastern  coast  of  America,  have  also 
been  exterminated.  The  eggs  of  the  auk  were  eaten  in  large 
numbers,  and  the  bird  itself,  which  was  unable  to  fly,  was  easily 
captured.  A  single  specimen  of  the  auk  or  its  egg  would  now 
bring  a  very  high  price,  for  most  large  museums  have  none. 
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On  the  other  hand,  some  species  thrive  under  the  influence  of 
man.  For  example,  rats  and  mice  have  been  csarried  all  over  the 
world  and  have  bo  greatly  increased  as  to  become  a  pest;  the 
English  sparrow,  introduced  into  America  from  Europe,  has  also 
become  annisance;  and  so  has  the  rabbit,  introduced  into  Australia. 
The  rabbit  destroys  the  food  needed  for  domesticated  animals, 
and  the  Australian  governments  have  been  obliged  to  take  up  the 
question  of  checking  its  further  spread.  Such  domesticated 
animals  as  sheep,  horses,  and  cattle,  have  had  their  range  so 
extended  that  they  are  now  found  in  all  quarters  of  the  earth. 

There  is  a  limit  to  man's  power  in  spreading  animals.  The 
camel  and  ostrich  might  be  transplanted  to  southern  California, 
but  they  cannot  be  made  to  thrive  in  New  England  ;  the  elephant 
or  tiger  could  not  be  introduced  successfully  into  the  Arctic;  nor 
the  polar  bear  into  the  tropics.  Yet,  with  care,  man  has  been 
able  to  transplant  some  animals  into  all  kinds  of  climates. 

Summary. — Man  has  exlerminated  some  species,  especially  the 
larger  and  more  defenseless  kinds,  and  has  greatly  reduced  the  num- 
bers of  many  others.  Under  his  influence,  otiier  anifnaU  have  had 
their  range  greatly  increased;  but  there  is  a  limit  to  man's  power  of 
inirodacing  animals  into  dimates  for  which  tlteyai-e  not  naturally  fitted. 

242.  Domestic  Animals. — Man  has  been  very  successful 
in  adapting  animals  to  hia  needs ;  and,  by  so  doing,  he  has 
greatly  increased  his  own  prosperity.  To  have  a  horse  or 
buffalo  to  help  in  his  work,  or  sheep  or  hens  for  food,  adds 
greatly  to  man's  resources.  He  can  do  more  work  and  make 
more  progress  ;  and  the  most  advanced  races  are  those  with 
the  greatest  number  and  variety  of  domestic  animals. 

Some  animals  resist  efforts  at  domestication ;  it  seems 
scarcely  possible,  for  example,  to  domesticate  the  lion.  Yet 
it  is  remarkable  how  large  a  number  of  animals  man  uses. 
The  reindeer  of  northern  Europe  (Fig.  546)  is  used  as  a  draft 
animal  and  for  food  supply.  Eskimo  dogs  (Fig.  625),  which 
are  little  better  than  half-tamed  wolves,  are  of  great  service 
in  hunting  and  in  drawing  sledges  over  the  ice.  In  the  high- 
lands of  central  Asia  the  yak  is  domesticated  ;  the  buffalo 
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(Fig.  520)  and  elephant  (Figs.  512,  521)  in  southern  Arfa; 
and  the  camel  (Fig.  519)  in  the  arid  belts  of  Africa  and  Asia. 
Cats,  dogs,  horses,  cattle,  Bheep,  goats,  and  pige  are  domesti- 
cated all  over  the  world.  Among  domesticated  birds  are 
hens,  turkeys,  ducks,  geese,  and  doves, 

As  iu  the  case  of  plants,  the  origin  of  many  of  these  is  not 
known ;  they  date  back  thousands  of  years,  long  before  the  first 
records  of  history.  It  is  a  striking  fact  that  the  New  World  has 
supplied  only  two  domesticated  animals,  the  llama  of  South 
America  (Fig.  514)  and  the  turkey.  If  it  had  not  been  almost  ex- 
terminated, the  bison  probably  could  have  been  domesticated.  On 
several  ranches  in  the  West  there  are  now  small  herds  of  bison 
from  which  it  is  yet  possible  that  this  animal  may  be  domesticated. 

Summary.  —  While  some  animals  resist  domestication,  man  ha» 
succeeded  in  adapting  many  mamraala  and  birds  to  kin  use,  either 
for  food  or  as  work  animals.  Of  these,  tite  New  World  has  suf^ied 
only  two,  the  llama  and  turkey,  though  the  bison  may  yef  be  added. 

Topical  Outlisb  and  Review  Qoestionb. 

Topical  Octline.  —  227.  InSnence  of  SnmniDdiaKs.  —  Airj  wkt«r; 
heat;  cold;  cold-blooded  animals;  warm-blooded  animals;  cause  of 
warmth;  protection;  dependence  on  plants;  sunlight;  mode  of  life; 
means  of  securing  food  and  escaping  enemies;  influence  of  gravity. 

228.  Animal  Life,  or  Fauna,  of  the  Arctic.  ^ — Animals  in  and  near 
the  sea;  sea  birds;  southward  migration ;  land  birds;  mammals;  rep- 
tiles; insects;  mammals  in  the  sea;  protection  from  coM;   white  color. 

229.  Temperate   Famia (a)    Mode   of   life:    open   plains;    forest; 

mountains;  arid  regions;  caverns;  underground;  nocturnal  animals. 
(b)  Common  animals ;  variety;  birds;  mammals;  opossom;  fur-beariug 
animals ;  beaver. 

2-10.   Tropical  Fauna. — Plants;  insects;   birds;  reptiles;  mammals. 

231.  Desert  Fauna.  —  Contrast  with  humid  regions;  fauna  of  south. 
western  United  States;  limit  of  food;  source  of  water;  the  camel. 

232.  Fresh-water  Faunas.  —  Kinds;  illustrations;  difference  in  sur- 
roundings;  temperature  ;  salt  lakes  ;  marine  animals  in  fresh  water. 

233.  Homes  of  Animals.  —  Invertebrates;  insects;  reptiles  and  am- 
phibia; birds;  mammals. 

234.  Spread  of  Auimala.  —  Reason  for  large  number  of  youo^;  onpio. 
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tectedyoui^;  protection  of  young ;  eTolutiou;  reindeer^  elephants;  di» 
triliutiou  of  ocean  animals;  of  air  dwellers;  of  land  animals. 

S33.  Barrlera  to  tbe  Spread  of  Animals.  —  Water;  forest;  desert; 
mountain  ;  animals  that  easily  pass  bnrriera. 

336.  Island  Faunas.^  (n)  Bermudas:  position;  plants;  animals. 
(by  Means  of  reaching  iHlands:  currents;  flight;  wind;  birds  at  sea. 
(e)  Other  islands:   Azores;  Galapagos;   Hawaiian  Islands. 

2.^7.  Austiallas  Fauna,  —  (a)  The  animals :  birds ;  nionotremes ;  mar- 
sopials.  (b)  Explanation :  former  distribution  ;  derelopment  of  fierce 
enemies;   separation  of  Australia;   protection  by  ocean  barrier. 

238.  SoQtli  American  Fauna.  —  Peculiar  animals;  explanation. 

239.  Fannas  of  Other  Continents.  —  Resemblance  in  northern  lands; 
in  Africa  and  southern  Asia;  explanation. 

240.  Zones  of  Animal  Life.  ^  The  zones ;  names;  cause;  boundaries. 

241.  Inflnence  of  Han. —  (a)  Man  as  an  enemy :  cause  for  destruction; 
general  result;  bison;  mammoth  and  mastodon  ;  dodo;  auk.  (6)  Influ- 
ence in  spreading  animals:  rata  and  mice;  English  sparrow;  rabbit; 
domestic  animals,    (c)  Limit  to  influence;  examples. 

342.  Domestic  Animals.  —  Importance ;  instances  of  domesticated 
mammals;  birds;  New  World  animals;  bison. 

Review  Questions.  —  227.  What  is  the  dependence  of  animals  on 
air,  water,  and  temperature?  By  what  means  is  cold  endured?  What 
is  tbe  difference  in  the  blood  of  animals?  Why  are  animals  dependent 
on  plants  for  food?  Why  are  they  not  dependent  on  sunlight?  In  what 
positions  do  auinials  live?  How  are  they  fitted  to  secure  food  and 
escape  enemies?     State  the  influence  of  gravity  on  the  body. 

228.  What  is  the  nature  of  Arctic  bird  life?  What  is  the  condi- 
tion of  life  on  laud?  What  warm-blooded  animals  live  in  the  sea?  How 
are  Aretic  animals  protected  from  the  cold?     What  about  their  color? 

239.  Under  what  different  conditions  do  temperate  animals  live? 
Name  some  of  the  common  birds.     Mammals.     Fur-bearing  mammals. 

230.  Why  are  animals  so  abundant  in  the  tropical  ione?  What  is 
the  condition  of  insect  life  there?     Birds?     Heptiles?     Mammals? 

231.  Contrast  desert  and  tropical  forest  faunas.  What  animals  are 
fonnd  in  the  desert  of  southwestern  United  States?  Why  are  there  so 
few?    How  do  they  secure  water?    How  is  the  camel  adapted  to  desert  life? 

233.  Whatkindsof  animals  live  in  freshwater?  How  do  the  faunas 
differ?     How  may  marine  animals  come  to  live  in  fresh  water? 

23.3.   Inwhatsituationsdoinvertebrateslive?    The  higher  groups? 

234.  In  what  way  is  the  spread  of  animals  made  certain  f  Give 
illustrations  of  evolution.  What  kinds  of  animals  are  most  widespread? 
Wh;?    What  about  land  antmala? 
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235.  Wbatbarrieraaretheretothe^readof  aniinab?  WhRtkindsoI 
animak  most  easily  overcome  them  ? 

236.  What  is  the  nature  of  the  Bermuda  plant  and  animal  life?  How 
has  this  life  reached  the  islands  ?   What  is  the  condition  in  other  islands? 

337.   What  are  the  peculiarities  of  life  in  Australia?     Explain  thia. 

238.  What  does  the  South  American  fauna  indicate? 

239.  What  is  indicated  by  the  fauuas  of  other  continents? 

240.  What  are  the  reasons  for  the  zones  of  life?  Nome  the  realms. 
Name  the  regions  of  the  northern  realm  (Fig.  51S). 

241.  VVhy  is  man  an  enemy  of  many  animals?  Give  illustrations  of 
his  influence  in  extermination.  In  increasing  the  range  of  animals.  How 
is  his  power  limit«d  in  this  respect? 

242.  Of  what  advantage  are  domestic  animals?  Give  instances  of 
domestic  animals  in  various  parts  of  the  world.  What  domestdc  animals 
has  the  New  World  supplied?     What  about  the  bbon? 

SuGGEBTiOMa.  —  No  special  suggestions  are  made  for  this  chapter, 
largely  because  of  the  difficulty  of  offering  suggestions  adapted  to  large 
numbers  of  schools.  Yet  a  teacher  especially  interested  in  this  phase  of 
the  subject  will  find  opportunity  for  illustrative  work,  —  with  books. 
pictures,  specimens,  and  museums,  if  in  a  city;  in  the  field,  if  in  the 
country. 

B«fereiice  Booka.  —  Wallace,  Inland  Life,  Macmillan  Co.,  New  York, 
1892,11.75;  Geographic  Z>i»(rj6u(iono/Xn£ma£»,  Harper  Bros.,  New  York, 
1876,910.00;  Hkilprik,  Dutribulion  of  Animals,  Appleton  &  Co.,  New 
York,  1886,  *2.00 ;  Brddard,  Zoiigeographi/,  Macmillan  Co.,  New  York, 
1895,91.50;  Lydkkkbr,  Geographical Hiilorg of  Mammnla,'Maxmi\la,a  Co- 
New  York,  1886,  82.60;  Le  Comte,  Evolutiim,  Appleton  &  Co.,  New 
York,  1881,  91.50;  Jordak,  Facton  in  Organic  Evolution,  Ginn  &  Co^ 
Boston,  1894,91.25. 
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CHAPTER  XIX. 

MAH  AXtD  ITATURB. 

DEVELOPMENT  OF  MANKIND. 

243.  Early  Hob. — The  origin  of  man  is  not  known, 
although  scientists  generally  agree  that  he  has  developed,  by 
the  process  of  evolution,  from  some  high  form  of  animal. 
This  belief  is  based  upon  the  close  resemblance  between  the 
body  of  man  atfd  ape,  and  receives  support  from  the  fact 
that,  in  habits  and  mode  of  living,  some  savages  are  little 
above  animals.  But  even  the  least  civilized  men  have 
powers  that  no  animal  possesses,  while  civilized  man  -is  so  far 
above  the  highest  animals  that  some  people  believe  it  im- 
possible that  he  is  the  descendant  of  an  animal. 

Whatever  man's  origin,  it  is  certain  that  in  his  early 
stages  he  lived  the  life  of  a  savi^.  When  the  Roman 
Empire  was  developing,  the  Germans  and  English  were  rude 
savages;  and  still  earlier,  the  inhabitants  of  the  Italian 
peninsula  were  in  the  same  condition.  To-day,  both  in  the 
Old  and  New  World,  there  are  races  that  have  not  yet  risen 
above  savagery. 

Snmnury.  —  Man's  ancestry  is  unknown;  hvt  it  is  generally 
believed  that  he  has  been  evolved  from  some  high  form  of  animal. 
It  is  certain  that  early  man  was  a  savage. 

244.  Dependence  of  llan  on  Nature.  —  Even  the  most  civil- 
ized men  are  dependent  on  nature,  as  animals  and  plants  are. 
Man  must  have  air  to  breathe,  water  to  drink,  and  food  to 
eat.  Furthermore,  his  sight  depends  on  sunlight,  and  his 
speech  and  hearing  on  sound  waves,  transmitted  through  tJbe 
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air.     If  his  home  is  in  a  cool  climate,  he  must  have  clothiug 
and  shelter;  and  he  obtains  materials  for  these  from  nature. 

In  these  respects  both  savages  and  civilized  men  are  dependent 
on  nature;  but  to  live  as  civilized  men  do,  we  must  rely  on  other 
things  as  well.  For  warmth  and  light  we  depend  on  coal  and  oil ; 
for  manufacturing,  upon  coal  and  water  power ;  for  transportation, 
upon  coal  and  wind ;  for  communication,  upon  electricity ;  for  many 
objects  of  daily  use,  upon  mineral  substances.  The  resources  of 
the  world  are  drawn  upon  by  civilized  man,  and  his  powers  have 
so  developed  that  he  has  learned  to  adapt  to  his  needs  many  of 
the  products  and  forces  of  nature.  Each  year  his  ability  to 
do  this  increases.  In  this  respect  man  ha£  risen  immeasurably 
above  all  other  forms  of  life. 

Summary.  —  AU  men  depend  on  nature  for  ah;  toater,  atid  food; 
and  civilized  man  is  dependent  for  many  other  thttigs.  Each  year 
he  is  learning  better  how  to  make  use  ofnatui-e. 

245.  Food  Supply. — Man  began  hia  conquest  of  nature 
because  of  the  need  of  food.  The  steam  engine,  the  factory, 
and  wireless  telegraphy  are  the  climax  of  a  series  of  inven- 
tions which  began  when,  to  the  teeth  and  claws  with  which 
animals  secure  food,  man  added  simple  implements. 

By  using  stone  implements,  such  as  spear  and  arrow  points, 
hammers,  and  hatchets ;  by  fashioning  wood  for  handles  and  for 
bows;  and  by  making  simple  hooka  for  fishing,  early  man  greatly 
increased  his  ability  to  obtain  animal  food.  Even  to  this  day, 
savage  races  make  ude  of  such  primitive  implements  (Fig.  622). 

As  an  important  source  of  food,  primitive  man  made  use 
of  plants,  especially  the  seeds,  fruits,  bulba,  and  roots. 
The  mandioca,  sweet  potato,  potato,  yam,  plantain,  banana, 
cocoanut,  date,  and  the  grains,  including  wheat,  barley,  rye, 
corn,  rice,  and  raillet,  are  among  the  leading  plant  foods.  To 
gather  these,  scattered  as  they  are  in  nature,  required  much 
work,  and  early  man  naturally  found  it  profitable  to  plaut 
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and  care  for  them.  Simple  spades  and  hoes,  at  first  made 
of  stone  or  wood,  aided  greatly  in  thia  work. 

By  domesticating  plants  (p.  348)  and  animals  (p.  365)  a 
great  addition  was  made  to  man's  resources.  Domestica- 
tion is  the  basis  of  civilization,  for  it  gave  man  the  habit  of 
working,  of  storing  up  for  a  season  of  need,  and  of  trading  ; 
upon  it  also  depends  the  idea  of  property  and  of  the  home. 

To-day  all  the  world  depends  for  food  on  the  farmer  and 
herder.  Wherever  conditions  favor,  the  land  is  cleared  for 
farming,  and  the  majority  of  mankind  are  engaged  in  the  pro- 
duction of  food  for  themselves  or  for  those  with  a  different 
occupation.  The  plow,  the  reaper,  and  the  threshing  nsachine 
have  taken  the  place  of  the  primitive  spade  and  hoe.  Thousands 
of  railway  cars  and  vessels  are  constantly  engaged  in  moving 
products  of  the  farms  to  places  where  men  are  engaged  in  other 
pursuits,  or  where  the  population  is  too  dense  to  permit  the  pro- 
duction of  all  the  food  needed.  Agriculture  is  by  far  the  most 
important  of  industries. 

Sununary.  —  TTie  devising  of  simple  impUmenta  for  securing  plant 
and  animal  food  is  tJie  basis  of  modem  invention.  The  domesti- 
cation of  plants  and  animals  for  food  in  the  basis  of  our  civiliza- 
tion. All  the  Korld  depeads  for  food  on  the  farmer  and  herder,  and 
agriculinre  has  become  the  mast  important  of  industries. 

246.  Clothing.  —  In  a  hot  climate  man  has  little  need  for 
clothing  (Kig.  522)  ;  but  in  a  cool  or  cold  climate  some  pro- 
tection is  necessary.  Without  it  man  could  not  occupy  the 
cold  temperate  zone.  Various  natural  products,  including 
skins  (Fig.  523),  wool,  and  plant  fibers,  have  been  used  to 
protect  the  body.  Early  Germans  and  Britons  were  clothed 
in  skins,  as  the  Eskimos  are  to-day  (Kigs.  524,  525). 

Id  cold  climates  one  of  the  objects  of  hunting  has  always  been 
to  secure  materials  for  clothing ;  and  one  of  the'  objects  of  herd- 
ing is  the  production  of  wool  and  leather,  and  of  farming,  the 
production  of  fibers  for  cloth.  The  prinBipal,  vegetable  fibers 
used  for  making  cloth,  rope,  etc.,  are  cotton,  flax,  hemg,  and  jute. 
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Wool,  Bilk,  furs,  and  leather  are  animal  products,  at  present 
widely  used  by  civilized  people  for  clotLing. 

The  production  and  manufacture  of  materials  for  clothing  now 
rank  among  the  great  industries  of  the  world.  The  fact  that  the 
most  civilized  races  live  iu  the  cool  temperate  zones  makes  the 
production  of  materials  for  clothing  far  more  ituportaat  than  if 
their  homes  were  in  the  tropical  zone. 

Snmmary.  —  Clothing  is  needed  by  all  dwellers  in  cool  climates, 
and  for  it,  various  animal  and  plant  products  are  used.  Since  the 
most  civilized  races  live  in  th^  cool  temperate  zones,  the  production  and 
manufacture  of  dotking  are  among  the  most  important  of  industries. 

247.  Shelter.  —  Man  has  adopted  many  devices  for  securing 
shelter  from  the  elements.  The  summer  home  of  the  Eskimo 
is  a  skin  tupic 
(Fig.  524);  hU 
winter  homea  hut, 
or  igloo,  of  snow 
or  ice  (Fig.  525). 
Indian  wigwams 
were  made  of 
skins.  The  nom- 
ad of  the  deserts 
uses  skins  and 
hlankets  (Fig. 
526),  made  of  the 

FiQ.525.-E8kimo  winter  home,  ot  igloo.    Entrance      wool  of  his  domes- 
is  by  way  of  a  small  lc«  timaei,  tliToueh  wblcb       . .  ■       i  c    3 
wlDd  does  not  easily  enter.                                            "^^C  animals.      bod 
houses     are     still 

built  in  many  regions.    Grass  huts,  and  branches  woven  into 

a  simple  shelter  (Fig.  529),  are  common  in  the  tropical  zone ; 

and  some  savages  live  there  with  hardly  any  shelter.     In  parts 

of  Europe  and  southwestern  America,  caves  and  overhanging 

ledges  furnished  shelter  to  primitive  man- 
Long  before  the  historical  period,  clay  and  wood   were 

used,  at  first  very  crudely,  as  materials  for  building  perma- 


itoIblimketsuBedfor  shelter  by  nomads  on  the  desert  of  Saban. 


IT.  —  Thatcbed  house  in  the  Philippine  Islands,  needed  for  protection  from 
n  and  raio,  not  cold.  It  is  raised  above  the  Rround  to  avoid  dampness 
id  to  prevent  the  entrance  of  animal  pests,  wbluh  are  very  troablesome. 
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nent  homes.  The  use  of  wood  began  in  forest  regions  (Fig. 
528),  at  first  doubtless  by  the  use  of  boughs,  branches,  and 
logs ;  then  of  rongh-hewn  boards.  Simple  log  cabins,  some 
of  which  still  remain,  were  built  by  pioneers  in  America. 

Stoue    houses 
were    probably 
first      made      by 
merely     piling 
stones  together,  as 
is  done  to-day  by 
the     Cape     York 
Eskimos.       Then 
mud  was  used  to 
fill  the  cracks,  and 
later,  mortar  was 
employed.      The 
first  use  of  clay 
was     in     making 
sun-dried    bricks,     ^ 
or  adobe,  still  em- 
ployed in  arid  countries,  as  the  Holy  Land,  Spain,  and  New 
Mexico.     These  are  too  easily  affected  by  dampness  for  use 
in  moist  climates ;  but  the  discovery  of  how  to  bake  bricks 
by  fire  has  made  the  use  of  clay  possible  there.     In  arid 
regions,  where  trees  are  scarce  or  absent,  stone  and  sun- 
dried  bricks  are  very  widely  used. 

Our  fine  wood,  brick,  and  stone  houses  have  been  developed,  by 
a  series  of  improvements,  from  these  simple  beginnings. 

The  cold  of  winter  calls  for  further  protection  than  that  fur- 
nished by  clothing  and  houses.  Fire  supplies  thia,  and  it  is  safe 
to  class  the  use  of  tire  among  the  greatest  of  human  discoveries. 
It  has  become  of  value  not  mei-ely  for  heating,  lighting,  and  cook- 
ing, but  as  the  basis  for  much  of  our  modern  manufacturing.  It 
has  led  to  mining  of  coal,  production  of  oil  and  gas,  mining  and 
manufacturing  of  icon,  and  many  othei  industries.    As  a  result 
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of  its  use,  modem  man  Las  come  to  count  as  necessities  hundreds 
'  of  articles  about  which  primitive  man  knew  notliiug. 

Summary.  —  Many  primitive  means  have  been  emptoi/ed  for  secur- 
tjig  sitelter;  for  example,  skins,  snow,  blankets,  grass,  brandies,  and 
caves.  The  use  of  wood,  atone,  and  clay  doubtless  started  in  a  very 
primitive  way:  XBood  from  the  use  of  bougJis  atul  logs;  stone  from 
mere  piles;  and  clixy  in  the  form  of  sun-dried  brick.  Tlie  discovery 
of  fire  has  been  of  great  importance,  making  possible  manufaduritig 
and  thus  opening  to  man's  use  many  otherwise  useless  materials. 

248.  Selection  of  Homes.  —  Doubtless  early  man  had  no 
fixed  home,  but  wandered  about  in  search  of  food,  as  nianj' 
primitive  peoples  do  to- 
day. When  for  any 
reason  a  home  became 
desirable,  two  consider- 
ations led  to  the  selec- 
tion of  a  location : 
(1)  nearness  of  food 
supply ;  (2)  protection 
from  enemies.  Homes 
are  still  located  by  larfje 
numbers  of  people  with 
the  first  idea  in  mind : 
for  example,  farmers, 
fishermen  (Fig.  533), 
and  hunters;  but,  for- 
tunately, civilized  men 
are    no    longer   obliged 

Flo.630.-Xativehome8intrees,New  to   take   account    of    the 

Guinoft.  second. 

There  are  many  illustrations  of  the  location  of  houses  on  sites 
that  give  protection  from  enemies.  Some  savages  build  houses  in 
trees  (Fig.  530),  and  some  on  piles  in  water  (Fig.  ''>34),  as  the 
ancient  lake  dwellers  of  Switzerland  did.    The  Pueblo  Indians 


JTio.  032.  —  Boln  (on  tbe  right)  of  a  csstle  on  tbe  Rhine,  boUt  iu  a  positiuu  [airly 


Fio.  533.  — Houses  built  on  &  steep  hillside  In  a  monntalnnus  peniasula  soutb 
of  Naples,  luly.  A  tew  spou  on  the  slope  are  cultlvaUid.  but  most  ol  Iba 
land  la  unfit  (or  cultivation.    The  bouses  an,  however,  neat  the  wKler, 

uid  flghlng  Is  poeiible.  (S'" 
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lived  on  top  of  steep-sided  buttes  and  mesas  (Fig.  531) ;  others 

lived  in  cavea  and  under  overhanging  ledges  on  cliff  sides  (p.  85). 

Castles  in    Europe 

were  often  built  on 

hills,     and      other 

places    difficult    of 

access    (Fig.   532); 

and,    for     further 

protection,     strong 

walls    were     built 

around  them. 

Summary.  —  2%e 

homen  of  primitive 
man  have  been 
selected  K-ith  refer- 
ence to  nearness  of 
food  and  possibilUi/ 

of  protection  from  enemies.    For  the  sake  of  protection,  homes  have 
been  located  in  trees,  in  the  water,  on  cliff  aides,  and  on  hills. 

249.  Location  and  Growth  of  Cities.  —  When  scattered  it 
is  easier  for  men  to  secure  suHicient  food  than  when  many 
live  in  a  single  place ;  but  it  is  less  easy  to  ward  off  the 
attacks  of  enemies.  Largely  for  this  reason,  the  custom  has 
grown  for  men,  even  savages  (Figs.  529,  530,  534),  to  gather 
into  communities.  From  their  villages,  these  primitive  peo- 
ple go  out  to  the  neighboring  fields,  forests,  and  waters  for 
farming,  hunting,  or  fisliing,  and  yet,  being  near  together, 
are  ready  to  resist  attack.  They  are  also  ready  for  an  ex- 
pedition to  attack  a  neighbor  for  revenge  or  profit. 

The  leader  in  attack  or  defense  easily  became  chief  of  the 
village;  if  powerful  enough,  he  might  become  ruler  of  several 
villages.  Even  at  present  nations  grow  in  power  and  territory 
by  conquering  weaker  peoples.  Government  has  become  very 
complex,  and  differs  greatly  among  nations;  but,  like  all  our 
wonderful  modern  life,  it  had  its  beginnings  in  the  simple  prac- 
tices of  our  early,  uncivilized  ancestors.  I 
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Many  European  towns  grew  up  because  of  the  need  of 
defense.  One  man,  more  powerful  than  the  rest,  built  a 
strong  stone  castle,  perhaps  on  a  hill,  and  protected  the 
region  about  it  by  a  wall.  Farmers,  soldiers,  and  others, 
under  the  protection  of  the  castle  owner,  worked  for  him, 
lived  in  houses  within  the  walls,  and  helped  defend  them 
when  attacked.  In  Europe,  hundreds  of  places  like  this  are 
still  to  be  seen,  although  no  longer  used  for  defense.  Around 
some,  with  favorable  situations,  large  cities  have  developed. 

In  locating  cities,  at  present,  there  is  no  need  of  consider- 
ing defense.  The  great  cities  of  the  civilized  world  are  the 
capitals  of  large  nations,  and  the  busy  manufacturing  and 
commercial  centers.  London,  Paris,  Berlin,  Vienna,  Brus- 
aels,  St.  Petei-sburg,  Madrid,  Eome,  Constantinople,  and 
other  large  European  cities  are  capitals.  The  first  five  are 
also  manufacturing  centers  ;  and  London,  Paris,  St.  Peters- 
burg, and  Constantinople  are  able  to  carry  on  commerce  by 
sea.     Each  of  these  cities  baa  a  location  favorable  to  growth. 

All  flourishing  cities  in  the  world,  whether  great  or  small, 
owe  their  prosperity,  in  large  part,  to  their  favorable  situa- 
tion. Some,  like  Milan  in  Italy,  and  Vienna  in  Austria, 
are  situated  where  routes  of  travel  converge  or  cross.  They 
had  their  beginning  long  before  the  days  of  railways ;  but 
the  railway,  making  them  centers  of  modern  traffic,  has 
greatly  increased  tlieir  prosperity.  Many  cities,  like  Cincin- 
nati, St.  Louis,  Vienna,  and  Paris,  are  on  rivers  ;  and  others, 
like  Buffalo  and  Chicago,  are  on  large  lakes.  Still  others, 
like  Genoa,  Liverpool,  San  Francisco,  and  New  York,  are 
seaports.  Such  seaports  as  London,  New  York,  Philadelphia, 
Baltimore,  and  New  Orleans,  which  are  at  the  mouths  of 
rivers  tliat  open  pathways  into  the  interior,  have  exceptionally 
favorable  situations. 

Many  cities,  like  Lowell,  Lawrence,  and  Rochester,  owe  their 
growtli  to  water  power,  which  has  encouraged  manufacturing. 
Others,  like  Scranton,  Wilkes  Barre,  Pittsburg,  and  Denver,  owe 
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their  development  mainly  to  near-by  mines.  Canyoa  mention  other 
inetatices  of  cities  whose  growth  depends  on  their  favorable  loca- 
tion?   What  has  helped  determine  the  growth  of  your  own  city? 

Sommary. —  The  tendency  of  people  to  congregate  in  centen  had 
its  origin  tn  the  need  of  defense,  and  from  it  has  arisen  govemmenL 
Some  large  European  tounu  grew  around  fortified  castles;  but  the 
largest  have  prospered  either  because  they  ai-e  capitals  of  g^-eat  nations 
or  are  manufacturing  and  commercial  centers.  Flourishing  modem 
cities  are  mainly  located  on  one  of  the  following  sites :  at  the  crossing 
of  trade  routes ;  on  rivers,  especiaily  at  their  mouths ;  on  har- 
bors ;   on  lake  shores  ;  near  VKUer  power  ;  near  mines. 

250.  Development  of  Commerce. — Kven  primitive  men 
desire  articles  which  they  cannot  produce.  For  example, 
remote  Eskimo  tribes  will  gladly  exchange  skins  for  pieces 
of  wood  J  and  central  African  negroes  will  trade  ivory  for 
simple  trinkets.  Two  ways  of  obtaining  desired  objects  are 
open  :  one  to  seize  them,  the  other  to  give  ai-ticles  in  exchange 
for  them  ;  and  both  methods  are  resorted  to.  From  exchange, 
commerce  has  developed. 

Objects  of  trade  were  early  carried  overland,  at  first  on 
foot,  later  by  the  aid  of  animals,  even  across  deserts  and 
mountains.  The  first  commerce  by  sea  was  carried  on  in 
small,  open  boats,  propelled  by  oars ;  later,  sails  were  used. 
Even  before  Bible  times,  and  before  Europeans  became  civil- 
ized, caravans  crossed  the  deserts  of  Asia  Minor,  bringing 
treasures  from  Asia.  The  inclosed  Mediterranean  offered 
opportunity  for  the  extension  of  this  commerce  by  sea  and 
for  the  introduction  of  Asiatic  civilization  along  its  shores. 

A  powerful  nation  developed  on  the  Grecian  peninsula, 
and  its  irregular  coast  bred  a  race  of  sailors.  Even  to-day 
the  Greeks  are  the  sailors  of  the  Mediterranean.  The 
ancient  Greeks  carried  their  commerce  to  all  parts  of  the 
Mediterranean,  establishing  colonies  which  later  developed 
into  powerful  independent  nations.  As  the  boats  were  made 
larger,  the  commerce  which  developed  among  Mediterranean 
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nations  was  gradually  extended  into  the  open  ocean,  and 
even  up  the  European  coast  to  the  British  Isles,  The  Medi- 
terranean may  be  called  the  cradle  of  early  navigation. 

When  the  Mohammedans  interfered  with  trade  between 
Europe  and  Asia,  a  sea  route  to  India  was  sought.  The 
Portuguese  found 
one  around  Africa, 
and  Columbus,  in 
searching  for  one 
toward  the  west, 
discovered  Amer- 
ica. For  tlie  de- 
velopment of  these 
new  lands,  and  the 
valuable  com- 
merce with  them, 
Fio.635.-Tbe  Suez  Canal.    The  neck  of  land  which         ,-  j 

separates  the  Medilorninean  and  Rpci  was  forced  ""'l*'*  ^*"^'*'  uiaue 
Uiose  who  sought  a  walet  roule  to  India,  tour  or  still  lai^er  and 
five  centuries  ap',  lo  undertake  the  eiplorations        utrnniror  Tl.cn 

whieh  led  to  such  imparlant  rtiscoverles.      The       auioiiger.  iutu 

demands  of  modern  coinnieitw  for  a  Hhorlur  water  came  the  Use  of 
route  between  Euro,^  and  Asia  led  to  the  «m.  gteam  ;  and  nOW 
sCruction  of  the  Suez  Canal.  ,  ,        ,  - 

huge    steel    ships 
carry  the  increasing  commerce  of  the  world  over  all  oceans. 

Commerce  was  once  carried  on  by  actual  exchange  of  goods, 
and  in  some  cases  this  is  still  done.  But  a  far  better  way  is  to 
have  some  medium  of  exchange.  Such  a  medium  Is  money. 
The  use  of  money  is  far  simpler  than  direct  exchange.  For  ex- 
ample, a  man  who  nepds  shoes  might  find  it  difficult  to  get  them 
if  he  had  only  his  labor  to  offer;  but  if  he  receives  money  for 
his  labor,  lie  can  get  what  he  needs.  Any  substance  that  has 
a  recognized  and  fairly  uniform  value  could  be  used  as  money. 
Gold  is  generally  used,  because  it  is  not  too  conniion,  is  not  easily 
de.stroyed,  and  is  valued  by  all  peoples  for  ornament. 

Commerce  has  aided  greatly  in  the  spread  of  civilization,  for  it 
has  brought  people  into  closer  communication  and  sympathy  with 
i_^■^ 


^12-^  =  ° 
—  S-o      S  « 
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one  another,  and  has  made  people  in  one  section  learn  from  those 
in  another.  As  a  means  of  com  muni  cation,  writing  has  developed, 
and,  like  other  features  of  our  civilization,  this  has  been  evolved 
from  simple  beginnings.  For  example,  picture  writing,  or  recording 
events  by  symbols  carved  on  wood  or  stone,  has  been  used  by  many 
primitive  peoples  (Fig.  5.'58).  From  this  the  alphabet  developed, 
then  printing,  which  has  proved  so  important  an  aid  in  spread- 
ing knowledge.  The  telegraph,  ocean  cable,  and  telephone,  made 
possible  by  the  use  of  electricity,  have  now  brought  all  parts  of 
the  civilized  world  in  close  touch  with  one  another.  Wireless 
telegraphy  ia  the  last  great  advance  Jn  communication.  It  is  part 
of  the  progress  of  tJie  human  race  toward  higher  and  higher 
civilization,  in  which  commerce  haa  had  so  great  an  influence. 

Summary.  —  Commerce  has  developed  from  simitle  eivhanfje  car- 
ried on  among  primitive  people,  at  first  overland,  either  on  foot  or  by 
the  aid  of  animals,  and  on.  the  sea  by  the  vse  of  boats  propelled  by  oars. 
Early  comtnerce  between  Asia  and  Europe,  overland  across  Asia 
Minor,  and  thence  in  the  inclosed  waters  of  the  Mediterranean,  made 
the  Mediterranean  the  craiUe  of  navigation.  Tlie  diacovery  of  a 
water  route  to  Asia,  and  of  the  Sew  World,  resulting  from  the  clos- 
ing of  routes  to  Asia  by  the  MoJiammedaiis,  have  led  to  the  develop- 
ment of  larger  ships  and  to  the  great  advances  of  modern  commerce. 
The  use  of  money,  the  extension  of  civilization,  the  development  of 
tpriting  and  printing,  and  cmnmnnication  by  electricity  are  among 
the  important  outcomes  of  the  devel(^me}U  of  .commerce. 

251.  Influence  of  Han  on  Nature.  —  In  his  progress,  man  has  in 
many  ways  profoundly  influenced  his  surroundings.  He  has 
modified,  extended,  and  destroyed  plants  (pp.  348,  349)  and  ani- 
mals (pp.  364,  3Cm).  By  removing  the  forest  he  has  made  it  pos- 
sible for  wat«r  to  run  off  more  rapidly  (p.  flO),  washing  soil  into  the 
streams  and  causing  great  variations  in  river  volume.  As  a 
result,  some  streams  formerly  useful  for  water  power  are  now  too 
variable ;  and  some  areas,  as  parts  of  Itily,  France,  and  Missis- 
sippi, have  had  their  soil  stripped  off,  leavinfc  either  bare  rock  or 
a  surface  too  badly  gullied  for  farming  (p.  51). 

On  densely  settled  floodplains  and  deltas,  the  river  courses 
have  been  controlled  and  annual  floods  prevented.  Stream  courses 
Cooylc 
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have  been  Btraightened  and  deepened  for  navigation,  and  canals 
dug  around  rapids,  and  from  ocean  to  ocean.  For  use  in  irri- 
gation, river  water  has  been  led  over  arid  lands ;  and  lakes  and 
ponds  have  been  formed  to  secure  steady  water  supply  for  irriga- 
rion  and  for  other  purposes.  Each  of  these  acts  of  man  inter- 
eres  with  natural  conditions. 

Along  the  seacoast,  walls  are  built  to  check  the  work  of  the 
waves.  To  better  fit  them  for  shipping,  harbors  and  channels  are 
dredged ;  jetties  and  sea  walla  are  built  to  prevent  currents  from 
closing  harbor  mouths  with  sand  bars ;  and,  by  building  break- 
waters, harbors  are  actually  made  by  artificial  means. 

Muchchangeismadeonthedrylandalao,  The  ground  is  pierced 
with  wells  for  water,  oil  (Fig.  542),  and  gas,  and  these  substances 
are  led  to  the  surface.  In  the  removal  of  coal,  iron,  and  other 
mineral  products,  the  strata  are  honeycombed  with  shafts  and  tun- 
nels (Fig.  541) ;  and  in  quarrying,  and  in  removing  clay  and  sand, 
hills  are  towered  and  deep  pits  made.  Tunnels  are  dug  through 
mount^ns  (Fig.  186)  and  deep  cuts  made  in  hillsides,  while  great 
embankments  are  built  of  the  rock  removed  Earth  and  rock  are 
removed  in  making  roads  and  in  di(^ng  cellars ;  and,  over  great 
areas,  the  soil,  by  being  loosened  and  overturned  in  plowit^,  ia 
exposed  to  the  weather. 

These  are  some  of  the  ways  in  which  man  Is  at  work  overcom- 
ing obstacles  which  nature  has  placed  in  the  way  of  his  advance. 
Civilized  man  brooks  no  obstacle ;  he  removes  it  where  necessary ; 
he  is  everywhere  at  work  modifying  nature  to  serve  his  needs ; 
and  he  is  utilizing  his  surroundings,  and  the  forces  of  nature,  to 
help  in  his  onward  march  toward  higher  civilization.  In  this 
respect  man  stands  apart  from  all  other  forms  of  life. 

Summary.  — In  a  muUitude  of  ways  man  is  influencing  nature: 

destroying, modifying, or  extending  the  range  of  animals  andplanit; 
removing  the  fore^,  thus  allowing  the  rain  to  run  off  rapidly  and 
cany  away  the  soil;  changing  or  controlling  streams;  improving  or 
making  waterways  ;  forming  lakes;  interfering  wilh  the  natural  action 
of  oceanic  agencies;  boring  into  the  earth  and  removing  materiala; 
and  exposing  soil  and  rock  to  the  weather.  Infact,he  is  overcoming 
all  obstacles  and  making  nature  serve  his  needs. 


Fio.641.  — AcoalmlaeatBbeDandoabCity.Pa.  HeretliegToiuiiltalioDefoombad 
with  stutts  and  tonDcU,  and  vast  qaantlttes  o(  coal  are  removed,  together 
with  BUociated  tock,  great  piles  of  which  are  seen  near  the  bulldlngB. 


F10.M2.— Each  ot  these  deriickB  marks  (he  site  of  a  boring  for  oil  at  Tldiouta, 
Fa.,  In  1870.    From  thew  wells  large  amoontsof  oil  were  obtained. 
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DISTRIBUTION  OF   MANKIND. 


252.  The  Spread  of  Han-  —  During  the  development  of 
man,  as  outlined  above,  he  haa  migrated  to  almost  all  lands. 
Starting  from  some  common  center,  he  spread  slowly,  guided 
by  the  same  laws  as  animals,  and  influenced  by  the  same  har- 
riers. But  man's  superior  intelligence  has  permitted  him  to 
spread  farther  than  any  species  of  animal,  and  to  adapt  him- 
self to  all  climates.  Even  as  a  savage  he  reached  every  con- 
tinent and  most  oceanic  islands.  The  use  of  boats  aided 
him  in  crossing  the  ocean  barrier;  and,  by  means  of  clothing 
and  shelter,  he  has  overcome  the  barriers  of  cold  climates. 

The  spread  o£  man  has  been  in  part  a  slow,  steady  advance 
outward  in  all  directions,  as  in  the  case  of  animals,  and  in 
part  a  rapid  migration  in  large  numbers.  It  was  such  rapid 
spread  that  led  to  the  building  of  the  great  Chinese  wall  (Fig. 
543)  as  a  barrier  to  the  liordes  that  moved  outward  from 
central  Asia.  Similar  hordes  from  Asia  overran  Europe ; 
and  still  others  crossed  the  Alps  and  advanced  to  Rome. 
The  spread  of  man  has  often  been  a  part  of  warfare  and  con- 
quest. This  is  illustrated  by  the  Roman  Empire  which,  by 
conquest,  caused  tlie  diffusion  of  Romans  and  Roman  civili- 
zation, not  only  along  the  Mediterranean  shores,  but  through- 
out western  Europe,  even  as  far  as  the  British  Isles. 

The  discovery  of  new  lands,  especially  in  the  New  World, 
has  had  a  great  influence  on  the  spread  of  man.  By  the  time 
of  Columbus  there  had  been  such  advance  in  knowledge  of 
sailing,  including  tlie  coming  into  use  of  the  compass,  that 
even  the  ocean  could  be  crossed  at  will.  The  much  higher 
civilization  of  European*  enabled  them  to  displace  the  savage 
occupants,  not  only  of  America,  but  of  Australia  and  the 
more  attractive  parts  of  Africa.  Commerce  is  at  present 
uding  in  the  general  spread  of  man. 

Samnuuy.  —  The  spread  of  primitive  man  wot  infiti«nced  by  the 
game  lawa  and  barriers  that  affect  animals  ;   but  man's  superior 


882  NEW  PHYSICAL   GEOGRAPHY. 

intelligence,  and  especially  the  use  nf  boats,  clothing,  and  theller,  Itas 
made  it  possible /or  him  to  spread  muck  farther,  ifan's  spread  has 
been  in  part  slow  migration,  in  part  rapid  movement  in  large  nn»M- 
bers,  often  as  a  part  of  warfare  and  conquest.  TIte  discovery  of  new 
lands,  occupied  by  savages  whom  he  could  displace,  ha^  greatly  helped 
in  man's  spread;  and  commerce  is  now  aiding  it  farther. 

253.  Races  of  Mankind.  —  Although  there  are  decided 
differences  among  men,  all  are  believed  to  have  come  from 
the  same  stock.  Through  the  influence  of  climate,  aud  other 
surrounding  conditions,  they  have  become  varied  in  color, 
form,  and  habits.  On  account  of  these  differences  it  is  cus- 
tomary to  divide  mankind  into  several  classes,  or  races- 
There  is  (1)  the  black,  or  negro  (^Ethiopian)  race;  (2)  the 
yellow  (^Mongoliari)  rsice;  (3)  the  red,  or  Indian  (^American) 
race;  aud  (4)  the  white  (^Caucasian')  race.  A  fifth  division, 
the  brown  (J^alay^  race  (Fig.  545),  is  often  recognized. 

Because  there  has  been  a  mixture  of  blood  wherever  they  have 
come  in  contact,  the  boundaries  between  these  races  are  not  dis- 
tinct (Fig.  544).  Moreover,  the  members  of  one  race  have  often 
migrated  into  the  territory  of  anotlier.  Thus  the  Finns  and  Hun- 
garians, though  surrounded  by  Caucasians,  are  Mongolian  in  origin. 

The  red  men  were  originally  contined  to  the  American  continent, 
and  have  never  migrated  to  other  regions.  But  other  races  have 
spread  widely.  In  modern  times  the  Mongolians  have  spread  very 
little,  and  the  negroes  have  spread  mainly  through  the  influence 
of  white  men,  who  have  carried  them  as  slaves,  especially  to  the 
New  World,  The  white  race,  on  the  other  hand,  has  migrated 
extensively,  taking  the  place  of  weaker  and  less  well-fitted  people. 
This  is  well  illustrated  in  America,  where  the  Indians  have  been 
slowly  driven  back  by  the  aggressive,  civilized  Caucasians. 

SummAry.  —  Mankind  is  divided  into  four  main  races  :  (1)  the 
black,  or  Ethiopian  ;  (2)  the  yellow,  or  Mongolian  ;  (3)  the  red,  or 
American;  and  (4)  the  white,  or  Caucasian.  Because  of  intermi^y 
ture  and  migration,  the  bou7tdaries  between  tliese  races  are  by  no 
means  distinct.  The  white  race  is  now  rapidly  extending  Us  range 
and  influence,  and  is  taking  possession  oftlie  earth. 


n,gN.«j,-vG00t^lc 


111.  Mj.  —  Riki'esor  maiikinil.  Reil.  or  Iii'li^n.  upper  left;  black,  or  Ethiopian, 
Dpper  rlgtit;  wliiie,  ur  CnuraHiau,  miilillu:  yelluw,  or  UodkoIUd,  lower 
tiitH;  broim.oi  Malk;  (>  branch  of  tbe  fellow  raM),  lower  bit. 


Characteristics  or  the  Races  of  Mankind.^ 


kro...... 

MONUOMAK. 

AM„.0.«. 

C.vo..u». 

*««#.'. 

AIHm,  annlh   nf  St- 
hara;  M«lrm»Mar; 

ample.      Pblllpplna 

Probably  highland,   of 

New  World. 

North  AMc*. 

Prruat 

AMoilTnlMSuica: 

China :        Indo'Chlna ; 
North  Alia:  Kotva; 

nor;  ltu»la(Ba]tk); 
Balkan       Penlssiila ; 
Hnnguy. 

■  ill'    Mcatoit"cer.uil 
Aiuerlcal    and   weji- 

All    of   Europe:     India; 
norlhern,    oentral,    and 

facl.'o.er  alinoit  all' the 
world. 

UHttiet. 

Lonj.  nuTow  b»d  : 

ttlek  Jlpa,    rolW 
oulward :        large, 
rouDd.  black  eyet; 
deop  bruKD  color, 

Kantybunl ;  height 

Droad,     ronnd     hnd : 
m.Kienilcly  pn^Ung 
JuUB  ;  Bmull,  eonravo 
noHithlnllpi'iBinaU. 
obllqDc,  black  eyes; 

andenrnnhlloifonB. 
^^""beiM;     height 
below  the  ..erage- 

Hcid    bolh   long    and 
round;  allghtly  pro- 

aa-TJ',?.:!,; 

bliekoyca;  color  cop- 
long,   coarir.   black; 

long;  mwlcralely  large, 

luTenT  b^^TV,  '"rJS 
hair;  height  ahove  lh« 

nmhl'la'^blaXeye." 
hair  wavy,  curly,  brown 
or  black.    Inbolbtypei 
Jnvia  auull,  noH  large, 
.lr.lghi,or»gulllno. 

Wr^'toi. 

UnlDWltecloal:      nn- 
lirogre.slioini.Ml- 

artTbayond'airrk^? 
lure     and      sluiple 
wealing,      pottery 

I'Sb.di™''  ^«h': 

erad,  nutore    wor- 
tblp.    and    bumu 

Indoknt:    arts    and 

•lightly;  tWeulture 
In  religion  »me  aU 
KSrhi«i"^d"M" 

Stern ;  moody;  notcmo- 
tlonid;      "")■     'j"'" 

had  nide  knowlalgc 
slmp%  KlenU.  *"«'■ 
«Hll    nature  worship 

Fair  type  tolld  and  even 
•tolld  :  durk  type  llcry 
and  fleklc.    Both  active 
and  enterprUlng.     »cl- 

llglun  varies  (fnin  belief 
In  one  0.a  lo  belief  In 
several,    and    Includea 

.Vun,bir, 

am™        1W.O00IXKI 
Madaffia- 

a"i^«     ao^Kwiooo 

Auotral- 

lula          J.oon.onn 
ToUl         176.0OO.OUO 

China,            380,000,000 

IndM^ina,    saiiiofliooo 
Malaytta.  •     BO.OOO.OIKI 

A^ta,           36,000.000 
Mlwella- 

neoui,           4.000.000 
Total.           WO..K.).000 

Full  blood        S.MO.OOO 
IWr-bretd..    li,3;".iHlo 
Total              n.ITO.IHH) 
Mo-t  In  Mexico  IS.IM.- 
on  II  ;Braill,  4.2011.0110: 
aiO.OOO     In      United 

Enrop.             8l«,000.0ft0 
Asia                  it«,ilOU,ii"0 
America            116.000.000 
Africa                 1^000.llUO 

Total                 770,000,000 

gnlied  ai  a  Ilth  diTliloD  of  It 
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INFLUENCE  OF  SURROUNDINGS. 
254   Han  in  the  Arctic.  — Agriculture  i»  impossible  in  the 
Arctic,  and  there  is  too  little  plant  food  to  support  human 
life  (Fig.  486).      Under  such   unfavorable    conditions,  the 
inhabitants  of  the  North  must  look  to  animals  for  food ;  and, 
as  these  are  most 
abundant   in    the 
sea,  the  shores  of 
the  Arctic  are  in- 
babited     by     a 
sparse  population. 
On  the  tundras  of 
Europe  and  Asia, 
the     reindeer     is 
domesticated, 
making    it   possi- 
ble for  more  peo- 
ple  to   live    than 
otherwise     could. 
The  caribou  is  not  used  by  the  Eskimos ;  but  Siberiftn  rein- 
deer have  recently  been  introduced  into  Alaska. 

Life  in  the  Arctic  is  well  illustrated  by  the  Eskimos  (Fig3.  524, 
525),  who  live  along  the  coast,  depending  for  food  chiefly  on  birds, 
seal,  walrus,  and  bear.  The  extent  to  which  these  interesting  peo- 
ple depend  on  animals  is  shown  by  the  following:  they  obtain 
from  them  most  of  their  food ;  skins  for  their  clothing  and  sum- 
mer tents,  or  tuples;  bone  for  their  spears;  and  bone  framework 
and  skins  for  their  boats,  or  kayaks.  Wood,  occasionally  drifted 
to  their  shores,  is  one  of  their  most  highly  prized  possessions. 

To  live  amid  such  surroimdings  requires  great  hardiness  and 
constant  effort;  and  death  by  starvation  is  not  uncommon.  The 
Eskimo  has  to  work  hard  in  order  to  obtain  the  barest  necessi- 
ties, and  there  are  no  luxuries.  How  difficult  his  life  must  be  is 
indicated  by  the  disasters  which  have  befallen  many  Arctic  ex- 
plorers.    Such  surroundings  offer  little  opportunity  for  advance. 
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Summary.  —  the  Arctic  ia  aparaelg  popiiiated,  mainly  alottg  Hie 
coaiit  where  there  is  most  anivuii  food ;  but  in  the  Old  World  the 
reindeer  ia  doTnealhated,  increasing  man's  chance  of  living.  TJie  Es- 
kimo dqjends  on  animals  for  food  and  materials  for  shelter,  cloth- 
ing, and  boats.  Life  in  the  Arctic  is  so  hard  that  tiiere  is  little  chance 
for  advance,  aU  the  energies  being  needed  for  obtaining  the  barest 
tiecessUies. 

255.  Man  in  the  Tropical  Zone.  —  Conditions  in  the  tropictil 
zone  are  quite  opposite  to  those  in  the  Arctic,  There  man 
is  surrounded  by  an  abundance  of  food,  both  plant  and 
animal,  and  he  requires  little  clothing  (Fig.  522)  or  shelter 
(Figs.  527, 529, 530).  All  his  needs  are  met  with  slight  effort, 
and  there  is  little  cause  for  work.  Moreover,  the  climate, 
especially  if  damp,  is  unfavorable  to  work.  Under  such  con- 
ditions man  resembles  animals  in  being  content  with  bare 
necessities.  Being  so  easily  satisfied,  he  cannot  advance 
far  in  civilization. 

It  is  for  these  reasons  that  some  of  the  most  nncivilized  peoples 
of  the  world  to-day  are  found  in  hot  climates.  The  Indians  of 
Central  and  South  America,  the  negroes  of  central  Africa,  the 
Australian  natives,  and  the  Negritos  of  the  Philippines  are 
examples.  Among  many  of  these  people,  as  among  animals,  the 
eating  of  one  another,  or  cannibalism,  is  still  practiced.  They 
live  in  the  most  primitive  way,  —  lazy,  unintelligent,  superstitious, 
human  animals.  Yet  they  talk,  they  think  a  little,  and  they  know 
the  use  of  simple  implements.  When  brought  under  the  influence 
of  civilization  they  advance,  showing  that  it  is  only  surrounding 
conditions  that  have  kept  them  so  low. 

Summary.  —  In  the  tropical  zone  the  ease  of  obtaining  food,  and 
the  sm(dl  amount  of  clothing  and  shelter  necessary,  call  for  Utile  Kork, 
to  which  the  hot,  damp  climate  is  unfavorable.  It  is  for  these  reasons 
that  the  least  civilized  races  arefmind  in  the  tropical  zone.  ; 

256.  llaa  in  the  Temperate  Zone.  —This  zone  has  been  the 
birthplace  of  civilization,  mainly  for  the  following  reasons: 
(1)  while  there  is  an  abundance  of  food  in  summer,  there 
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is  little  in  winter.  It  has,  therefore,  been  necessary  to  secure 
food  in  summer  and  store  it  for  winter  use.  This  requires 
energy,  intelligence,  and  foresight ;  yet  the  amount  of  work 
necessary  is  not  great  enough  to  discourage  or  to  prevent  ad- 
vance. (2)  Both  clothing  and  shelter  are  needed,  and  to  pro- 
vide these  also  requires  intelligence,  ingenuity,  and  energy. 
(3)  The  lands  of  tlie  temperate  zone  are  irregular,  and  the 
cliniate  varied.  This  has  led  to  the  growtli  of  different  crops 
in  different  sections ;  and  the  people  of  one  section,  desiring 
the  products  of  another,  have  opened  communication  with 
them.  From  this  has  arisen  commerce,  leading  people  of  one 
region  to  learn  from  those  of  another. 

To  meet  the  needs  of  winter,  the  people  of  the  temperate 
zone  have  developed  the  habit  of  cultivating  crops,  and  have  de- 
vised means  of  making  work  easier.  They  have  domesticated 
animals  for  food  and  as  aids  in  their  work ;  they  have  made  im- 
plements; have  learned  how  to  use  metals;  have  developed  the 
art  of  building ;  have  discovered  the  use  of  fire ;  in  fact,  in  sup- 
plying their  needs  they  have  learned  to  call  all  nature  to  their 
aid.  The  civilization  that  developed  in  the  north  temperate  zone 
has  now  spread  to  all  zones. 

Stuninary.  —  The  need  of  providing  food,  clothing,  and  skelter  for 
wilder  has  caused  people  of  the  teiiipentfe  zone  to  advance;  and  the 
varied  products  of  different,  aecttons  have  given  rine  to  commerce.  In 
this  advance  the  cultivation  of  crops,  the  domestication  of  animals,  the 
art  of  building,  and  the  use  of  metals  and  fire  have  been  learned. 
Thus  modern  civilization  has  arisen. 

257.  Han  in  the  Desert — Living  on  a  desert  resembles 
life  in  the  Arctic  in  the  fact  that  there  is  so  little  food  that 
men  often  die  of  starvation.  But  the  nomads  of  the  desert 
(p.  89)  have  domestic  animals,  —  cattle,  horses,  and  camels 
especially,  —  which  help  them  greatly.  Their  mode  of  life 
makes  these  wanderers  intelligent  and  brave,  otherwise  they 
could  not  live  amid  such  surroundings;  but  they  do  not 
hesitate  to  seize  from  others  the  goods  they  need. 
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Besert  conditions  are  so  unfavorable  that  people  more  civilized 
have  not  entered  to  crowd  the  nomads  out;  and  the  desert  barrier 
prevents  the  inhabitants  from  learning  of  others.  For  this  reason, 
customs  of  the  time  of  Christ  are  to-day  preserved  among  the 
inhabitants  of  the  Old  World  deserts. 

On  oases  conditions  are  very  different,  for  there  agri- 
culture is  possible.  Large  oases,  such  as  the  valleys  of  the 
Euphrates  and  Nile,  have  been  cradles  of  ancient  civiliza- 
tion. Civilization  early  developed  in  such  situations  be- 
cause it  was  necessary  to  work  in  order  to  store  up  food  for 
the  season  when  crops  will  not  grow;  and  the  surrounding 
desert  served  to  protect  the  stores  of  food  from  invaders. 

Both  in  the  Euphrates  and  Nile  valleys,  and  in  other  oases  of 
the  Old  World,  there  developed  a  wonderful  ancient  civilization, 
which  spread  along  the  shores  of  the  Mediterranean.  This  an- 
cient cidture  is  the  foundation  of  our  modem  civilization,  The 
oases  were  favorable  to  the  beginning,  and  the  Mediterranean  to 
the  spread  of  civilization  (p.  377) ;  hut  the  desert  barrier  has  in- 
terfered with  the  introduction  of  the  modern  civilization  which 
has  developed  in  other  parts  of  the  temperate  zone.  Consequently, 
these  cradles  of  ancient  civilization  are  now  far  behind  the  world. 

The  most  advanced  of  the  American  Indians  were  those  that 
lived  in  similar  situations.  The  Pueblo  Indiana  of  New  Mexico, 
the  Aztecs  of  Mexico,  and  the  Incas  of  South  America  lived  in 
positions  where  agriculture  was  possible,  and  where  deserts  or 
mountains  offered  partial  protection  from  invasion.  When  dis- 
covered, these  red  men  were  barbarians,  far  higher  than  the  other 
Indians,  who  were  savages. 

Summary. —  Becaxtae  of  lack  of  food  and  water,  desert  condiliont 
are  unfavorable,  and  the  iiiliabitanta  are  acattet-ed  and  nomadic, 
though  greatly  aided  by  their  domestic  animals-  Tlte  desert  barrier 
prevents  them  from  learning  from  others,  and  hence  fltey  preserve 
many  ancient  customs.  Tlte  oases,  hotcever,  were  cradles  of  ancient 
civilisation,  because  (I)  agriadlure  teas  possible ;  (2)  i(  icaa  necessary 
to  provide  food  for  the  unfavorable  seasons;  and  (Z)  the  desert  pro- 
tected  tlie  inkc^itants  from  invatioju 
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258.  Infiueoce  of  Houotains.  —  There  is  no  part  of  the 
world  where,  in  ao  short  a  distance,  there  are  found  races  So 
different  as  those  on  the  north  and  south  sides  of  the  Hima- 
lajaa.  These  mountains  have  served  as  great  walls  (p.  106), 
hindering  the  migration  of  man  as  well  as  of  animals ;  and  it 
^vas  partly  because  of  their  protection  that  the  people  of  India 
became  so  civilized  in  very  ancient  times.  Yet  even  these 
mountain  barriers  were  crossed,  although  with  great  diffi- 
culty. Much  the  same  is  true  of  the  Alps,  whose  protection 
helped  to  make  the  powerful  Roman  Empire  possible. 

When  their  country  is  invaded,  people  often  retreat  to 
mountains ;  for  there  is  little  about  mountains  to.  attract  in- 
vaders, and  entrance  is  difficult,  while  the  passes  and  valleys 
are  easily  defended.  For  these  reasons  the  Welsh  and  Scotch, 
who  occupied  the  more  mountainous  parts  of  Great  Britain, 
were  far  less  affected  by  the  inroads  of  invaders  than  the  in- 
habitants of  other  sections  of  the  island.  To  this  day  their 
ancient  language  is  spoken,  and  sermons  are  even  preached 
in  it.  In  the  Pyrenees  there  is  a  small  group  of  people, 
called  the  Basques,  who  still  retain  an  ancient  language  no 
longer  spoken  by  others.  In  the  single  small  country  of 
Switzerland  four  languages  are  now  spoken,  —  German, 
French,  Italian,  and  Rsetho-Romisch  dialect. 

Among  mountain  people  ancient  cnstoms,  as  welt  as  languages, 
are  preserved.  For  example,  homespun  is  still  used  in  the  moun- 
tains of  eastern  Kentucky;  and  peculiar,  old-style  costumes  are 
worn  by  Swiss  mountaineers  and  inhabitants  of  the  Black  Forest 
mountains  of  Germany.  Such  places,  like  deserts,  are  among  the 
last  to  be  reached  by  new  customs. 

Mountain  people  are  brave  and  hardy,  for  their  life  is  one  of 
hardship,  and  there  are  many  dangers.  The  open-air  life,  with 
plenty  of  space  and  freedom,  develops  a  love  of  freedom.  They 
desire  to  be  left  alone,  and  resist  attempts  at  conquest.  It  is  for 
such  reasons  that  little  Switzerland,  notwithstanding  many  efforts 
to  seize  it,  has  been  able  to  remain  independent. 
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Sommary.  —  Mouniainn  are  barriers,  protecting  peo^e  JWim 
invasion ;  the;/  are  places  of  retreat  before  invaders  ;  in  them 
undent  languages  and  cu^oms  linger;  they  develop  a  brave,  hardy, 
freedom-loving  race. 

359.  Influence  of  Coast  Line.  —  Closed  seas  and  irregular 
coasts,  having  quiet  water,  encourage  fishing  and  commerce. 
It  ia  along  aiich  coasts,  therefore,  that  navigation  has  deveU 
oped.  The  Mediterranean  and  the  irregular  Grecian  coast 
illustrate  this;  also  the  irregular  Scandinavian  coast,  with 
its  many  narrow,  quiet  fiords  (p.  209). '  Here  developed 
the  brave,  hardy  Norsemen,  who  ravaged  the  coast  of  west- 
ern Europe,  and  eveu  visited  America,  before  the  time  of 
Columbus. 

The  British  nation  has  become  "  mistress  of  the  seas  '* 
because  of  the  favorable  position  and  coast.  No  part  of  the 
British  Isles  is  far  from  the  sea ;  there  are  innumerable  bays 
and  harbors  ;  and  many  of  the  inhabitants  have  engaged  in 
fishing.  The  separation  from  the  mainland  has  been  of 
the  highest  importance,  for  it  has  prevented  invasion  by 
land  and  has  made  commerce  by  water  necessary.  Further- 
more, these  small  islands*  are  unable  to  supply  food  enough 
for  the  large  manufacturing  population  that  has  developed 
there.  To  bring  food,  and  to  carry  away  manufactured 
products,  calls  for  ships ;  and  to  protect  these  and  the  coast 
from  attack,  demands  a  navy. 

Colonies  were  established  as  a  source  of  food  and  raw 
products  for  manufacture ;  they  also  served  as  a  market  for 
manufactured  articles,  and  commerce  with  them  became 
great  and  mutually  beneficial.  As  a  result  of  these  facts,  and 
the  presence  of  coal  and  iron  for  manufacturing,  the  British 
nation  has  become  the  greatest  sea  power  In  the  world,  and 
has  come  into  possession  of  the  largest  amount  of  territory 
that  any  nation  has  ever  controlled. 

SnmmAry.  —  Protected  seas,  like  the  Mediterranean,  and  irregular 
coasts,  like  those  of  Greece  and  Soandiaaoia,  encourage  the  develoj^ 
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ment  of  navigation.  The  Britisk  nation  has  become  the  greatest  sea 
power,  and  the  possessor  of  the  la}-geat  amount  of  territory,  of  all 
nations,  as  a  result  of  its  island  condition,  its  irregular  coaM,  and 
the  fad  that  it  needed  to  import  food  a'ld  raw  products  for  manufac- 
ture, and,  being  on  are  island,  was  obliged  to  bring  them  by  waier. 

260.   United  States.  —  The  situation  of  United  States  in 
the  temperate  zonet  with  several  different  climates,  is  favor- 
able to  advance.     There  are 
great    natural    resources   of 
nearly  every  kind,  and   the 
wisdom  and  love  of  freedom 
of  our  ancestors  led  them  to 
establish  a  government  that 
has  encouraged  the  full  use 
of     these     resources.    \  The 
coast    line    is    favorable    to 
navigation,  and  the  Atlantic 
Ocean,   which    separates    us 
from   other   highly   civilized 
nations,  is   so    narrow  that 
communication      and      com- 
mj"^-^^-*'-'™''— '— '-^■*^    merce  with  them  are  easily 
"^^iJllS.'Sii; '■**  "- ""Wf-n"™*  ■     possible.       Yet    it    is    wide 
Fio.MT.-Distribution  of  white  m«n     enough  to   protect  _  US   from 
in  United  stataa,  1T90.  attack  and  invasion.l 

Early  settlements  were 
naturally  first  made  along  the  coast,  because  this  was  the  first 
place  reached.  Although  the  natives  were  finally  pushed 
aside,  for  a  while  aided  by  the  mountain  and  forest  barrier, 
they  held  back  the  westward  advance  of  the  pioneers. 
Thus  the  settlers  continued  to  live  along  the  coast ;  and  in 
1790,  when  the  West  was  a  vast  wilderness  crossed  only  by 
Indian  trails,  it  was  possible  to  travel  by  stage  from  Portland, 
Me.,  to  Virginia,  stopping  each  night  in  a  good-sized  village. 
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The  Spanish  and  French  settlements  were  far  more  scat- 
tered, for  the  Spanish  had  two  coasts  along  which  to  travel, 
and  the  French  the  great  interior  waterways.  Therefore, 
when  the  French  and  Indian  war  came,  the  English,  being 
closer  together  and  able  to  unite,  had  a  great  advantage. 
The  success  of  the  Revolution  was  also  in  large  part  due 
to  the  fact  that  the  Colonists  were  centered  along  the  coast. 

The  mountains  were  finally  crossed  along  the  water  gaps, 
through  Cumberland  Gap  to  Tennessee  and  Kentucky,  and 
along  the  Mohawk  Gap  to  the  Great  Lakes.  When  the 
way  to  the  interior  was  well  opened,  migration  was  rapid, 
because  the  soil  was  good,  the  climate  favorable,  the  surface 
clear  of  forest,  and  the  land  free  to  all.  Soon  the  central 
plains  developed  into  a  great  agricultural,  mining,  and 
maufacturing  section.  The  water  gaps  and  waterways  are 
still  the  leading  routes  to  this  interior. 

West  of  the  prairies  was  another  great  barrier,  in  the  form 
of  arid  plains  and  plateaus,  extensive  deserts,  and  lofty 
mountain  ranges.  How  great  a  barrier  this  was  is  seen  from 
the  fact  that,  when  gold  was  discovered  in  California,  large 
numbers  preferred  to  travel  entirely  around  South  America 
rather  than  undergo  the  danger  and  hardship  of  a  wagon 
trip  across  the  continent.  Now  several  lines  of  railway 
cross  the  mountains  ;  there  are  mining  cities  in  the  mountain 
valleys ;  and  irrigated  farms  dot  even  the  desert.  Man  has 
so  overcome  these  barriers  that  the  continent  is  crossed  in  a 
few  days  with  all  the  comforts  of  modern  railway  travel. 

Our  country  has  developed  wonderfully,  and  in  a  century 
has  changed  from  a  weak  nation,  struggling  for  existence,  to 
one  of  the  great  world  powers.  This  growth  is  not  the  result 
of  a  mere  accident;  nor  is  it  due  to  a  single  cause.  The 
invigorating  climate  encourages  work,  and  in  fact  requires 
it ;  and  intelligent  labor  secures  great  reward.  In  a  new 
country  there  are  wide  opportunities  for  those  who  work 
bard,  and  this  fact  has  helped  make  the  American  people 
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energetic.  Mineral,  farm,  and  forest  products  may  be  ob- 
tained in  great  variety;  and  physiographic  conditions,  aa 
well  as  the  wise  government  under  which  we  live,  are  favor- 
able to  their  development.  It  is  no  wonder  that  the  United 
States  has  advanced  so  rapidly ;  and  the  present  century 
uhould  see  still  more  wonderful  advancement. 

Summary.  —  The  climate,  i-esources,  govemmevl,  and  coast  line 
of  the  U'lited  States  are  favorable  to  progress.  The  early  settle- 
ments along  the  coast,  and  the  interference  with  trestKard  spread, 
caused  by  Hie  Indians  and  mouvtain  barrier,  helped  make  the 
English  succeitsfiil  in  war  with  France,  and  the  colonists  in  the 
lievolutioii  aganist  the  mother  country.  The  mountain  barrier  Koa 
first  cros.-!ed  along  the  water  gaps,  and  the  fertile,  open  prairie  was 
then  quicti;/  developed  ;  but  the  great  we^em  barrier  of  desert  and 
mountain  lieid  back  further  progress  until  after  Ike  discovers  of  gold 
in  California.  Our  rapid  development  has  depended  on  the  energetic 
people,  wise  gooernment,  and  vast  resources;  and  since  the  foun- 
dation is  solid,  our  prosperity  promises  to  continue. 

Topical  Outline  ahd  Revikw  Questions. 

Topical  Odtline. — 2*3.  Barip  Han. — Origin  by  evolution;  resem- 
blance to  animals;  difference  from  animals;  early  stages  of  Baiagery. 

2tl.  Dependence  of  Han  on  Hatnre.  —  Dependence  of  all  mankind; 
further  dependence  of  civilized  man ;  use  of  nature  by  civilized  man. 

2-15.  Food  Supply.  —  Basin  of  invention ;  priniitiveimplementa;  present 
use;  partR  of  plsiits  eaten;  instances;  reasons  tor  cultivation;  irapof- 
tance  of  domestication  ;  farming  at  present;  dependence  on  farmer. 

346.  Clothin(.  —  Need  of  clothing;  materials  used;  use  of  skins; 
vegetable  products;  animal  producbi;  reason  for  importance. 

247.  Shelter.  —  {<i)  Primitive  shelters:  Eskimos;  Indians;  nomads; 
sod  houses;  tropical  shelter;  caves,  (h)  Building  materials:  first  use; 
wood;  stone;  mortar;  son-dried  brick;  baked  brick,  (c)  Fire:  need 
of  it;  first  importance;  later  uses;  result  of  these  uses. 

248.  Selection  of  Homn.  —  Two  objects  in  selecting  sites ;  condition  ol 
civilized  man ;  instances  of  sites  selected  for  proWtion. 

319.  location  and  Growth  of  Cities.— (a)  Primitive  man:  reasons 
for  communities;  savage,*:  advantages  of  villag.fi.  (A)  (ioveminent: 
village  chief;    extension  of   power;    origin    of    modem   government. 
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(i;)  European  towns;  castlet);  gathering  of  people  aboot  them;  present 
condition,  (tl)  Modern  cities:  capitnlsi  industries  in  large  capitals; 
cities  at  junction  of  tnide  routes;  on  rivers;  kke  ports;  seaports ;  sea- 
ports at  mouths  of  rivers;  effect  of  water  power;  of  mining. 

250.  Developmeiit  of  Commerce.  —  (a)  Eichange :  desires  of  primitive 
people;  methods  of  gratifying  thern;  early  commerce.  (S)  Greeks; 
favorable  location ;  colonies  ;  estcnsion  beyond  Mediterranean,  (c)  Dis- 
covery of  new  lands;  reason  for  exploration ;  results,  (rf)  Effects  of  com- 
merce: exchange;  need  of  money;  use  of  gold;  spread  of  civilization; 
early  writing;  alphabet;  electricity. 

251.  Inflnence  of  Han  on  Nature.  —  Life;  forest  removal,  —  effect  on 
rivers,  on  soil;  changes  in  stream  courses;  irrigation;  lakes;  work  along 
seacoast;  borings;  mines;  quarrying;  tunnels;  roads;  plowing;  inde- 
pendence of  man ;  use  of  surroundings. 

252.  Tlie  Spread  of  Han.  —  Resemblance  to  animals ;  superior  intellir 
gence ;  use  of  boats ;  of  clothing  and  shelter ;  slow  spread ;  rapid  spread ; 
conquest ;  discovery  of  new  lands ;   aid  of  commerce. 

253.  Bacesof  Mankind.  —  Origin  of  differences;  the  races;  boundaries; 
spread  of  the  red  race ;  the  black  race ;   the  yellow  race ;  the  white  race. 

254.  Man  in  the  Aictic.  —  Plant  food;  animal  food  in  sea;  reindeer; 
Elskimos,  —  food,  dependence  on  animals,  wood,  effect  of  surroundings. 

265.  Man  in  tbe  Tropical  Zone.  —  Food ;  ease  of  meeting  needs ;  effect 
of  climate  on  civilization  ;  instances  of  uncivilized  people;  their  condi- 
tion; possibility  of  advance. 

256,  Man  in  the  Temperate  Zone.  —  (a)  Reasons  for  civilization: 
abundant  food;  need  of  storing  food  for  winter;  need  ot  clothing  and 
shelter;  varied  climate  and  land  form.  (6)  Nature  of  advance;  culti- 
vation of  craps;  domestication  of  animals;  use  of  implements;  of 
metals;  art  of  building;  use  of  fire. 

357.  Man  In  tbe  Draert.  —  (a)  The  desert  itself :  comparison  with 
Arctic;  domestic  animals;  nomadic  characteristics;  effect  of  desert 
barrier.  (6)  On  oa.ses:  agriculture;  cradles  of  civilization;  reasons 
for  development  of  civilization,  (c)  Euphrates  and  Nile:  early  civili- 
zation ;  its  spread ;  present  condition,     (rf)   American  Indians. 

358.  Influence  of  Honntaini, —  (a)  Barriers ;  races  on  two  sides  of 
Himalayas;  protection  to  India;  Alps.  (A)  Retreats:  reasons;  Welsh 
and  Scotch ;  Basques ;  Switzerland ;  ancient  customs,  (c)  Mountain 
people:  character;   love  of  freedom  ;  Switzerland. 

259.  Influence  of  Coast  Line.  —  (i)  Closed  seits:  Mediterranean. 
(6)  Irregular  coasts :  Greece ;  Scandinavia,  (c)  British  nation ;  near- 
ness to  sea;  irregular  coast;  fishing;  island  condition;  food  supply; 
colonies;  commerce;  coal  and  iron;  great  importance.  , 
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360.  United  St«tea.~(a)  Favorable  conditiona:  climate 
government;  coastline;  ocenn.  (b)  Mountain  barrier:  fiist  settlements 
nativeit;  barrier  to  westward  movement;  condition  in  1790;  Spaniah 
French;  French  and  Indian  war;  Revolution,  (c)  Interior:  crossing 
barrier ;  development  of  interior ;  present  routes  to  interior.  ('/}  Western 
barrier:  nature;  difficulty  of  crossing;  present  condition,  (e)  Growth 
of  country;  climate;  energetic  people;  resources;  government;  future. 

Beview  QuasTioss.  —  243.  What  is  believed  to  bs  the  origin  of 
man?     What  was  his  early  state! 

244.  Upon  what  conditions  are  all  men  dependent?  In  what  other 
ways  are  civilized  men  dependent  on  natare? 

215.  What  simple  implements  were  early  used?  Why?  Why  were 
plants  cultivat«d?  What  parts  are  used  ?  Give  examples.  Of  what  im- 
portance is  domestication?     Of  what  present  importance  is  agriculture  ? 

246.  What  materials  ate  used  for  clothing?  Why  are  the  production 
and  manufacture  of  materials  for  clothing  so  important? 

247.  What  primitive  means  are  employed  for  securing  shelter  ?  Hov 
has  the  use  of  wood  developed?    Stone?    Clay?    Of  what  use  is  fire? 

248.  What  considerations  have  led  to  the  selection  of  sites  for  homes? 
What  influences  oivilixed  man?     Give  illustrations  of  protected  sites. 

248.  Why  do  men  gather  in  centeis?  Illustrate.  What  influence 
has  this  on  government?  What  was  the  condition  in  Europe?  What 
great  European  cities  are  capitals?  What  else  accounts  for  their 
growth?  What  situations  especially  favor  the  growth  of  cities?  Give 
instances.     In  what  several  connections  is  London  mentioned? 

250.  What  is  the  nature  of  commerce  among  primitive  peoples  ?  How 
was  early  commerce  carried  on?  What  was  the  nature  of  ancient  cotn- 
merce  between  Asia  and  Europe?  What  influence  had  tlje  Mediternr 
nean?  What  effect  had  the  Mohammedans?  On  what  does  the  use  of 
money  depend?    Why  ia  gold  used?    State  other  effects  of  commerce. 

251.  State  some  of  the  ways  in  which  man  influences  nature :  (a)  life ; 
(A)  rivers;  (c)  seacoast;  (i/)  the  land. 

252.  Compare  and  contrast  man's  spread  with  that  of  animals.  In 
what  ways  has  his  spread  been  accomplished?     Give  illustrations. 

253.  What  is  the  cause  of  differences  among  men?  Name  the  four 
races.  Where  is  each  mainly  found  (Fig.  544)  ?  Why  are  the  bound- 
aries not  sharp?    What  about  the  spread  of  the  different  races? 

254.  What  are  the  sources  of  food  for  the  inhabitants  of  the  Arctic? 
How  do  the  Eskimos  live?    Why  may  thej  not  advance? 

255.  What  conditions  in  the  tropical  zone  are  unfavorable  to  civiliza- 
tion?   What  is  the  condition  of  the  inhabitants?    Can  they  be  civilized? 

256.  What  three  conditions  have  favored  advance  to  civilization  in 
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the  temperate  zone?    How  have  they  aided?    In  what  ways  has  man 
learned  to  call  nature  to  his  service? 

257.  What  is  the  condition  of  man  in  thedesert?  Why  are  primitive 
cuBtoms  preserved  ?  Why  were  oasea  favorable  to  the  development  of 
early  civilization?  Of  what  importance  was  this  in  the  Old  World? 
What  was  the  condition  in  the  New  World? 

258.  What  are  the  effects  of  mountains  as  barriers?  Why  are  they 
places  of  retreat?  Give  illustrations  of  the  influence  of  this  on  language. 
On  customa.     What  effect  have  mountains  on  character? 

259.  Give  instances  of  the  influence  of  closed  seas  and  irregular 
coasts.     What  facts  account  for  the  importance  of  the  British  nation  ? 

280.  What  conditions  are  favorahle  to  the  advance  of  the  United 
States?  What  were  the  nature  and  effects  of  the  barrier  west  of  the 
coast?  Whera  was  this  barrier  crossed?  Whatwas  tdie  result?  What 
barrier  was  found  farther  west?  How  has  it  been  overcome?  Upon 
what  has  our  progress  as  a  nation  depended? 

Beference  Books — Shaler,  Nature  and  Man  m  America,  Scribner's 
Sons,  New  York,  18B1,  |1,50;  Peschei.,  Racet  of  Man,  Appleton  &  Co., 
New  York,  1878,  $2.2.t  ;  Lubbock,  Origin  of  Civilization,  Appleton  &  Co., 
New  York,  1895,  Jo.OO;  Keamb,  Ethnology,  2  vols.,  Macmillan  Co.,  New 
York,  1896,  t2.60;  Man,  Past  and  Present,  Macmillan  Co.,  New  York, 
1899,  f3.00;  Brinton,  Races  and  Peoples,  McKay,  Philadelphia,  1890, 
$1.50;  Ripley,  Rncea  of  Europe,  2  vols.,  Appleton  &  Co.,  New  York, 
18B9,  J6.00;  Ratzel,  The  History  of  Mankind,  •&  vols.,  Jlacniillan  Co, 
New  York,  1898-89,  fl.OO  a  volume ;  Gibbinb,  History  of  Commerce  in 
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APPENDIXES. 

APPENDIX  A.  REVOLUTION  OF  THE  EARTH. 

1.  Apparent  Hovementa  of  the  Son.  —  In  addition  to  the  daily 
rising  and  setting  of  the  sua  there  is  a  slower  change  in  its  posi- 
tion which  can  be  detected  by  noting  the  point  of  sunrise  or  sun- 
set for  a  week  or  two.  Id  the  north  temperate  zone,  the  sun  rises 
exactly  in  the  east  and  sets  due  west  on  March  21  and  Septem- 
ber 23.  From  March  to  September  sunrise  and  sunset  are  north  of 
txne  east  and  west,  and  the  days  are  longer  than  the  nights.  But 
from  September  to  March  the  sun  rises  and  sets  south  of  due  east 
and  west,  and  the  nights  are  then  longer  than  the  days.  The 
midday  sun  also  changes  in  position.  It  is  higher  In  summer 
than  in  whiter,  but  is  always  in  the  southern  half  of  the  heavens. 
In  the  southern  hemisphere  the  same  changes  occur  in  the  opposite 
season ;  but  there  the  midday  sun  is  always  in  the  northern  half 
of  the  heavens. 

2.  Experiment  to  lUnstrate  Revolution.  —  One  or  two  nmple 
experiments  will  aid  in  a  better  understanding  of  the  way  in 
which  revolution  (p.  5}  causes  these  apparent  movements  of  the 
sun.  Place  two  balls  in  a  tub  of  water  (Fig.  548),  one  in  the 
center  to  represent  the  sun,  the  other  oft  to  one  side  to  represent 
the  earth.  The  water  surface  represents  the  plane  of  the  ecliptic, 
or  the  plane  in  which  the  earth  moves  ui  its  revolution  around 
the  sun.  If  the  earth  ball  is  moved  around  the  central  ball,  its 
path  will  represent  the  orbit  of  the  earth  in  its  revolution. 

A  needle  inserted  in  the  earth  ball  represents  the  position  of 
the  earth's  axis.  When  the  ball  is  so  placed  that  the  needle  pro- 
jects straight  up  into  the  air,  the  axis  of  the  ball  is  perpendicular 
to  the  wat^r  surface;  if  the  axis  of  the  earth  were  in  a  similar 
position,  it  would  be  perpendicular  to  the  plane  of  the  ecliptic. 
Now  turn  the  earth  bali  until  the  needle  is  inclined  as  in  Figure 
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54S,  which  is  the  same  angle  as  that  at  which  the  earth's  axis  la 
inclined.  The  earth  is  inclined  66^°  to  the  plane  of  the  ecliptif^ 
or  23^°  to  a  perpendicular  from  that  plane. 

Float  the  earth  ball  around  the  central  ball,  always  keeping  the 
needle  axis  inclined  at  the  same  angle,  and  you  will  see  quite 
clearly  in  what  position  the  earth  moves  around  the  sun. 

Position  1  (Fig.  548),  with  the  needle  pointing  toward  the  cen- 
tral ball,  may  represent  the  earth's  position  in  summer  when  the 
|J*Morth  Pole  points 
J?  '  I' toward  the  sun.  In 
the  ball  on  the  op- 
posite side  of  the 
tub  (3),  the  needle 
is  inclined  awxiy 
Jrom  the  sun  ball, 
as  the  North  Pole  is 
in  winter ;  but  the 
other  end  of  the 
needle,  or,  as  we 
may  call  it,  the 
South  Pole,  is  then 
inclined  toward  the 
sun  ball.  Halfway 
between  these  sum- 
mer and  winter  posi- 
tions (2  and  4)  the  axis  is  inclined  neither  toward  nor  away  from 
the  sun.     These  points  represent  spring  and  autumn. 

3.  Rotation  and  Rerolution.  —  The  manner  in  which  revolution 
causes  the  sun's  position  in  the  heavens  to  change  may  be  under- 
stood by  another  simple  experiment.  Let  a  globjXfT  ball  repre- 
sent the  earth,  and  a  lamp  or  candle  the  sun.^'^arry  the  globe 
in  a  circular  path  around  the  light,  being  careful  to  always  keep 
the  axis  inclined  at  the  same  angle. 

When  the  position  is  that  of  summer,  the  full  rays  of  the  lamp 
illuminate  the  northern  half  of  the  globe  and  reach  beyond  the 
pole.  So  in  the  case  of  the  earth,  when  it  has  reached  the  summer 
position  in  its  orbit,  the  sun's  rays  reach  beyond  the  North  Pole, 
and  illuminate  all  the  space  within  the  Arctic  Circle  (Fig.  549). 


Fia.  IUS.  —  T0  iUiutnte  T«Toliitlon  o(  the  earth. 
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This  circle  is  located  231°  from  the  pole  because  the  sun's  rays  of 
tnidsummer  (June  21)  reach  that  distance  beyond  the  North 
Fole.  They  reach  that  far  because  this  is  the  amount  that  the 
earth's  axis  is  inclined.  ^ 

Now  rotate  the  globe,  and  i 
you  will  see  that  all  points 
within  23^°  of  the  pole  are 
lighted  throughout  the  en- 
tire rotation.  The  same  is 
also  true  of  the  earth.  This 
makes  it  clear  why,  on  the 

longest  day,  June  21,  every       j.,„  „g  _  p^^,.,^^  „,  ,^,  ^^j^  j^^  2^ 
point    within    the    Arctic 
Circle  has  sunlight  for  the  full  24  hours  (Fig.  550). 

Still  holding  the  globe  in  this  position,  observe  the  conditions 
at  the  opposite  end  of  the  axis,  or  the  South  Pole,     Even  when 
the  globe  is  rotated,  no  light  reaches  that  portion.    This  is  also 
true  of  the  earth  in  summer,  for  then  the  midday  sun  just  barely 
appears  on  the  Antarctic  Circle,  23^°  from  the  South  I'ole.     All 
within  that  circle  is 
dark,  even  at  mid- 
day. 

Moving  the  globe 
to  the  opposite,  or 
winter,  position  (3, 
Fig.  548),  with  the 
North  Pole  inclined 
away  from  the  lamp, 
conditions    are    re- 
versed.   All  is  dark- 
ness   within    the 
Arctic  Circle,  while 
Fio.  S90.  — TheannatmldniKhtlnthe  Arctic  in  Bam-     all  within   the  Ant- 
mer  when  tha  region  within  the  Arctic  circle  Is      __„|.;-,     Pi,„l=     ;~ 
lighted  duTlDg  the  enUre  roution.  arctic     ^trcie     13 

bathed  in  light 
(Fig.  551).  This  is  the  earth's  condition  in  winter.  Thus,  each 
year  as  the  earth  revolves,  there  ia  a  season  of  darkness  and  one 
of  light  around  each  pole. 
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If  the  globe  is  now  placed  in  the  position  ot  spring  or  ftutumn 
(2  and  4,  Fig.  548),  the  light  will  exactly  reach  eacff^le.     The 
half  of  the  polar  region 
that   faces   the   lamp    is 
E    lighted,    the    half   awaj 
"^    from  it   is  in   darkness; 
^    but  by  rotating  the  globe 
I   the  dark  side  is  turned 
*^    toward  the  light.     When 
the  earth  i-eaches  a  cor- 
Fiowi. -Position  of  the  ea«h  December  21.     responding     position      in 
its    orbit,   it   is    divided 
into  a  dark  and  a  light  half  by  a  plane  passing  from   pole  to 
pole  (Fig.  652).     At  these  times,  the  equinoxes  (equal  uights),  all 
over  the  earth  day  and  night  are  each  12  hours  long.    One  period  is 
called  vernal  (spring)  equinox,  the  other  avtumnai  (autumn)  equinox. 
During  the  equinoxes,  when  the  sunlight  just  reai^hes  each  pole, 
the  midday  smi  is  directly  above  the  equator.     After  December 
21,  in  all  parts  of  the  earth,  the  sun  appears  to  be  slowly  moving 
northward,  and  the  sunlight  slowly  creeps  over  the  curvature  of 
the  earth  into  the  Arctic.     After  the  earth  has  passed  its  summer 
position,  the  sun  seems,  from 
all  points  on  the  globe,  to 
be    slowly   moving    south- 
ward, and  the  sunlight   is 
gradually  withdrawn  from 
the  Arctic. 

If  the  earth's  axis  were 
perpendicular  to  tlie  plane 
of  the  ecliptic,  there  would 

be   no   such    changes;    but,      Fiu.552.-Po8itlonoftLeearth8epieiDber23. 
since  it  is  inclined,  revolu- 
tion turns  one  hemisphere  toward  the  sun  for  a  time,  then  away 
from  it.    These  annual  changes  recur  so  regularly  that,  in  all  the 
time  of  human  history,  there  has  been  no  noticeable  change, 

SuoOF.STiONS. —  (1)  Study  Sections  2  sod  3  at  the  same  time  that 
jou  are  youmetC  perforniiDg  tlie  eiperinieiitii  dp»cribed.  (2)  Make 
careful  observatioiiB  of  the  change  in  the  bud  from  day  to  day.    On  a 
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Fia.  G53L  — To  illnstrate  (he  revolutioo  ot  tbe  earth  Mronnd  tbe 


pUtform,  or  table,  placed  where  the  sun  reaches  it  from  morning  till 
uiglit,  draw  intersecLiiig  north-south  (|>.  419)  and  east- west  lines.  Where 
thev  cross  diive  a  long  knitting  needle  into  the  table.  Once  a  week  at 
noon  mark  on  the  north-south  line  the  point  to  which  the  needle  nhadow 
reaches.  Also  mark  the  point  reacht^l  by  the  shadow  just  after  sunrise 
or  just  l>efore  sunset.  What  niovemeiits  of  the  Bun  cause  these  changes? 
Observe  also  the  exact  place  where  the  sun  seta  each  week.  (3)  In  what 
direction  does  joiir  shadow  point  at  noon?  In  what  direction  would  it 
point  in  South  Africa?  At  each  tropic,  in  the  middle  of  March,  June, 
September,  and  January?  At  the  equator?  What  is  the  direction  of  a 
shadow  at  noon  in  nammpr  in  the  Arctic?  At  midnight?  Are  such 
abadowB  longer  or  shorter  than  in  tbe  temperate  zone  ?  , 

n  ^.,)(,)'.^lC 


APPENDIX  B.  LATITUDE  AND  LONGITUDE. 

1.  Latitude- — The  most  conveiiieat  method  of  locating  points 
CD  the  spherical  earth  is  by  iiuagiDary  circles  extending  in  oppo- 
site directions.  Any  point  can  then  be  definitely  located  by  the 
intersection  of  such  circles.  These  are  called  circles  of  latitude 
and  longitude,  names  given  when  the  extent  of  the  world  was  not 
known,  and  one  direction  (longitude)  was  supposed  to  be  the  long 
direction,  the  other  (latitude)  the  broad  direction. 

For  measurement  of  latitude  imaginary  circles  are  extended 
in  an  east-west  direction.  The  largest  circle  (about  25,000  miles), 
the  equator,  extends  around  the  earth  midway  between  the  poles. 
Other  circles  parallel  to  this,  and  called  parallels  of  lalilude,  are 
located  at  intervals  between  the  equator  and  either  pole.  Ae  their 
distance  from  the  equator  increases,  these  circles  diminish  in 
diameter  (Fig.  5.54)  until,  at  the  poles,  a  circle  of  latitude  is 
reduced  to  a  point. 

For  convenience  in  use  the  parallels  are  numbered.  From  the 
equator  to  the  north  pole  there  are  90  parallels,  numbered  as 
degrees  (indicated  by  the  sign  ") ;  there  are  also  90  from  the  eqiui- 
tor  to  the  south  pole.  The  equator  is  called  C  latitude;  the 
north  pole,  90°  north  latitude  (abbreviated  N.  Lat.) ;  the  south 
pole,  90°  south  latitude  (S.  Lat.).  The  Tropic  of  Cancer  is 
23i°  N.  Lat.;  the  Arctic  Circle,  GG^"  N.  Lat.;  the  Tropic  of 
Capricorn,  23^'  S.  Lat.;  the  Antarctic  Circle,  661°  S.  Lat 
Which  pai-allel  of  latitude  is  nearest  your  home? 

Since  there  are  180°  from  pole  to  pole  there  are  twice  that 
number,  or  360°,  in  a  complete  circle  extending  around  the  earth 
across  the  poles.  It  is  customary  to  divide  circles  into  360°, 
This  is  a  convenient  number  because  it  is  exactly  divisible  by 
so  many  numbers. 

The  length  of  a  degree  of  latitude,  that  is  the  distance  between 
two  circles,  varies  slightly  because  the  earth  is  not  a  perfect 
«2  ,S-^ 
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sphere  (p.  3).     It  is  ^^  of  the  circumference.    Divide  the  cir- 
cumference of  the  earth  (25,000  miles)  by  360,     At  the  equator  a 
degree  is  about  68.7  miles,  at 
the  poles  about  69.4  miles. 

On  a  small  map  of  a  large 
area,  as  a  continent,  it  is  im- 
possible to  draw  every  paral- 
lel, for  the  tines  would  be 
too  close  together.  Accord- 
ingly, every  fifth  or  tenth 
circle  is  placed  on  such  a 
map.  But  for  a  map  of  a 
small  section  (Fig.  78)  the 
degrees  are  too  far  apart,  and 
additional  circles  are  neces- 
sary. For  this  purpose  de- 
grees   are    subdivided    into 

minutes    (indicated    '),  and     Fiq.  fi64.  — To  sbow  hnw  tbe  meridiaos 
minutes  into  seconds  (indi-  coovergB  .t  Uie  pole.   Trace  the  o» 

t   J  j(\       OIL  en  mecidiao   Ui  ihe  opposile  Bide  of  tbe 

cated  ").     There  are  60  sec  g,„b^.    Wh.t  \»  it  ^bered  there? 

onds  in  a  minute  of  latitude, 

and  60  minutes  in  a  degree.     What  is  the  latitude  of  your  town 
in  degrees,  minutes,  and  seconds  ? 

2.  Longitude.  —  Circles  of  latitude  serve  to  accurately  locate 
places  in  a  north-south  direc- 
tion ;  but  there  is  need  of  loca- 
tion in  an  east-west  direction 
also.  Circles  of  longitude 
serve  this  purpose.  These 
circles  all  start  from  the 
'  poles,  broadening  out  toward 
the  equator,  and  are  therefore 
not  parallel  (Fig.  554).  To 
thein  the  name  meridian  is 
often  applied. 
At  the  equator  a  degree  of 

„     ...     -w^        .V     , .   u  1        I  loncitude  is  about  equal  to  a 

Fin.  fUUf.— The  rarth  cat  in  halveit  along       ,     "  ,,,...     ,~X       -,     , 

ihc  Greenwich  meridian.  degree  of  latitude  (69,  "Pllj'.y. 
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^'t^S  shjs  °^  ^^^  earth's  circumference.  In  latitude  40°,  which  is 
a  much  smaller  circle  than  the  equator  (Fig.  554),  a  degree  of 
longitude,  ^^^  of  that  circle  of  latitude,  is  only  about  53  miles. 
In  latitude  60°  a  degree  of  longitude  is  about  34.7  miles;  and  at 
the  poles,  where  all  the  meridians  come  together,  a  degree  of 
longitude  has  no  length. 

The  circles  of  longitude  are  numbeied  as  degrees,  there  being 
360  degrees.     Since  there  is  no  such  natural  starting  point  as  the 
equator,  there  is  no  genera)  agreement  as  to  where  the  numbering 
of  meridians  shall  begin.    Most  nations,  however,  have  adopted 
as  the  0°,  or  piime  mendian,,  the  circle  that  pasaes  through  tlie 
CJreenwich  Observatory,  just  outside  of  London.      From   this 
meridian  the  circles  are  numbered  up  to  180°  both  east  and  west. 
New  York  is  74°  W.  Long. ;  Jerusalem  is  35°  E.  Long.     What  is 
the  nearest  meridian  to  your  town  ? 
Degrees  of  longitude  are  divided  into  minutes  and  seconds, 
as   degrees    of   latitude 
are.    What  is  the  longi- 
tude of  your  home   in 
degrees,    minutes,    and 
seconds  ? 

3.  LoDgltuda  and  Time. 
—  Rotatiou  causes  the  sun 
to    appear    to    pass    com- 
pletely around    the  earth 
in   24  hours.      That  is,  it 
.».,.».,...      pa-sses    over     300°    in     24 
Fio.  6S6.  — Map  U.  nioslrftte  standard  time  In      hours;    and,   dividing    360 
United  StatBB.    The  meridians  TB",  9iy,  lOO",     by  21,  we  find  that  it  passes 
and  r20°  eiMnd  thron^h  the  middle  oF  tlie     over  15°  iu  an  hour.    From 
(out  lime  belM.    The  irreRulM  boundaries      ^^■^^    jt     is     evident     that 
aredne  to  the  fact  that  railwayibaverboaeD        ,  ...  .       .,,  , 

conyenlent  poiaU  od  their  lines  to  make  the     ^^""^^  ^5°  apart  will  have 
change.  just  one  hours  diRprence 

in  time.  Formerly,  places 
in  United  States  kept  local  or  solar  time,  and  even  neighboring  cities 
might  have  a  ditferent  time.  Tliin  catiseil  so  much  inconvenience  that 
it  was  agreed  to  adopt  a  tiandnrd  time.,  by  which  tiie  time  changes  one 
hour  for  every  15°  of  longitude.  Now  in  traveling  across  the  continent 
one  need  change  hb  watch  only  three  times  (Fig.  556). 
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If  IStigitude  raaj  be  used  to  determine  tiioe,  it  b  evident  that  time 
maj  be  used  to  determine  longitude.  Ships  crossing  the  ocean  are  able 
ia  tbis  way  to  determine  their  position.  They  start  with  an  accurat« 
clock,  or  chronometer,  set  to  Greenwich  time.  By  means  of  an  instru- 
ment, the  lexiani,  an  officer  observes  tlie  sun  to  determine  the  local  noon, 
that  is,  the  time  when  the  sun  has  reached  its  highest  position.  Com- 
paring this  local  time  with  that  of  the  chronometer,  it  is  easy  to  tell  just 
how  many  minutes'  difference  there  is  between  Greenwich  time  and  that 
where  the  ship  is.  Knowing  that  one  liour's  difference  means  15°  of 
longitude,  the  longitude  of  the  sliip  is  readily  determined. 

SnooESTioKS.  —  (1)  To  understand  the  need  of  circles  of  latitude 
and  longitude,  try  to  locale  New  York  City  without  these.  Do  the  same 
by  use  of  latitude  and  longitude.  (2)  By  tying  the  ends  of  strings  to- 
gether make  three  circles  so  that  one  will  fit  over  the  equator  of  a  globe, 
one  over  parallel  ia",  and  ocie  over  parallel  60°.  Make  three  other  circles 
for  meridians  and  place  them  on  the  globe,  one  over  0°  longitude,  one 
over  60°  west  longitude,  one  over  120°  west  longitude.  With  ink,  mark 
on  each  of  the  latitude  strings  the  place  where  two  of  the  meridians 
cross.  Take  the  strings  off,  and  measure  the  diameters  of  each.  How 
do  the  diameters  of  tlie  meridLin  strings  compare  with  the  equator  string? 
How  do  the  three  latitude  strings  compare  in  diameter?  Measure  the 
distance  between  the  ink  marks  made  on  the  latitude  strings.  How  do 
these  distances  compare?  This  shows  how  the  length  of  degrees  of 
longitude  varies.  (3)  Get  a  local  surveyor  to  explain  and  illustrate  the 
method  of  determining  latitude  and  longitude.  (4)  Recall  your  previ- 
ous study  of  standard  time  (nee  Second  Book  of  Tarr  &  McUurry's 
Geographies,  p.  116).  If  the  eartli  were  flat,  what  would  be  the  eflect  on 
time  V  To  answer  this,  imagine  a  table  top  to  represent  the  earth.  Raise 
a  lighted  candle  up  to  the  edge  to  represent  the  rising  sun.  How  much 
of  the  table  do  the  rays  reach  at  once?  Is  any  more  of  the  table  reached 
as  the  candle  ia  raised  higher?  Now,  to  represent  part  of  the  globular 
earth,  place  a  curved  object  on  the  table  top ;  for  example,  a  large  sheet  of 
cardbc»rdor  blotting  paper,  resting  on  bocks  or  dishes.  How  much  of  this 
curved  surface  is  lighted  when  the  candle  is  raised?  Is  mora  lighted  as 
the  candle  is  raised  higher? 
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APPENDIX  C.    COMMON  MINERALS  AND  ROCKS. 

MINEBALS. 

This  appendix  thould  be  studied  vith  an  accompanying  use  of  mineral 
tpecimens.  Each  mineral  should  be  earefally  examined  to  note  its  color,  kard- 
rMM,  cleavage,  loiter,  and  crystal  /ona.  The  text  mag  be  referred  to,  Auf  eocA 
MlMdtM  should  have  a  set  of  specimens  ajid  be  expected  to  Jind  the  features  viaibU. 

A  MINERAL  may  be  defined  as  a  siDgle  element,  or  two  or  more 
elementB  chemically  combined,  forming  a  part  of  the  earth's 
cruat.  Some,  like  sulphur,  consist  of  one  element;  but  most 
minerals  are  fonned  by  a  combination  of  several.  For  example, 
quartz  is  made  of  silicon  and  oxygen ;  one  of  the  feldspars  con- 
tains silicon,  oxygen,  aluminum,  and  potassium. 

There  are  about  2000  known  minerals,  of  which  only  one  or 
two  hundred  are  abundant,  while  less  than  a  dozen  are  common 
in  most  rocks.  The  more  impoHant  of  the  rock-forming  min- 
erals are  described  below. 

1.  Common  Rock-forming  Uinerals.  —  Quartz.  —  This,  the  most 
common  of  minerals,  is  present  in  many  rocks  and  soils.  It  is 
made  of  silicon  and  oxygen,  forming  silica  (SiOj).  These  ele- 
ments are  so  firmly  united  that  quartz  does  not  decay ;  but  it  is 
slightly  soluble  in  undet^round  water.  It  has  a  glassy  appear- 
ance, or  luster,  and  varies  in  color  from  clear  glassy  to  milky 
white,  blue,  rose-colored,  red,  and  variegated.  Agate,  opal, 
jasper,  and  chalcedony  are  varieties  of  silica.  It  is  so  hard  that 
it  will  scratch  glass,  but  is  brittle  and  easily  broken,  having  a 
shelly  or  coTickoidal  fracture,  like  glass.  When  it  crystallizes  it 
takes  the  form  of  a  six-aided  (hexagonal)  prism  terminated  by  a 
six-sided  pyramid, 

I^  Feldspars.  —  There  are  a  number  of  kinds  of  feldspar,  each 
formed  by  the  union  of  several  elements,  aud  all  nearly  as  hard  as 
quartz.  Crystals  are  not  common.  Cleavage  planes,  extending 
through  feldspar,  cause  it  to  break  along  smooth  faces.     Unlike 
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quartz,  feldspar  ie  not  soluble.  When  exposed  to  air  and  water, 
however,  it  decays,  becoming  dull  and  whitish ;,  and,  if  exposed 
long  enongh,  the  hard  mineral  crumbles  to  a  whitish  clay,  or 
kaolin.  Many  soils  contain  decayed  feldspar,  and  some  of  the 
best  pottery  clays  are  kaolin.  Thus,  though  insoluble  and  nearly 
as  hard  as  quartz,  its  decay  makes  feldspar  less  durable. 

Calcite  (calcium  carbonate),  like  quartz,  varies  greatly  in  color. 
It  often  has  a  perfect  crystal  outline ;  and  since  it  has  cleavage 
in  three  directions,  when  broken  it  is  apt  to  take  the  form  of  a 
rhomb.  It  has  a  pearly  luster.  Unlike  quartz  and  feldspar,  cal- 
cite is  so  soft  that  a  knife  readily  scratches  it.  Moreover,  it  is 
one  of  the  most  soluble  of  common  minerals;  and  the  cleavage 
planes  afford  opportunity  for  water  to  enter  and  dissolve  the 
mineral.  For  these  reasons  a  calcite  rock  is  far  less  durable  than 
one  made  of  feldspar  and  quartz. 

The  mineral  dolomite  resembles  calcite ;  but  it  is  less  soluble,  and 
has  a  different  chemical  composition.  Calcite  contains  calcium, 
carbon,  and  oxygen,  and  is,  therefore,  carbonate  of  lime  (CaCOj) ; 
dolomite  has  magnesium  in  addition,  and  is,  thei-efore,  magnesian 
cai'bonate  of  lime  ( (CaMg)  CO,). 

Tfie  Micaa.  —  There  are  a  number  of  different  minerals  belong- 
ing to  this  group,  all  having  a  complex  chemical  composition. 
Some  are  black,  some  colored,  and  some  so  colorless  that  they  are 
used  in  stove  doors  as  "isinglass."  Two  of  the  most  common 
forms  are  biotite  and  muscovite,  the  former  dark  colored,  the  latter 
light.  All  are  easily  scratched  with  a  knife,  and  all  have  so  re- 
markable a  cleavage  that  they  readily  split  into  thin  sheets.  Some 
micas  decay  readily;  but  others  so  resist  decay  that  they  occur  as 
shiny  flakes  in  soils  and  some  rocks,  such  as  sandstones  and  shales. 

Hornblende  is  a  black  mineral  of  complex  chemical  composition, 
common  in  some  granites  and  lavas.  It  ig  hard,  has  a  bright 
luster,  is  often  crystalline,  and  has  well-defined  cleavage.  When 
exposed  to  air  and  water  it  decays,  one  of  the  products  being  an 
iron  compound  which  stains  the  rock.  Iron  is  one  of  the  elements 
in  this  mineral. 

Augite,  found  in  many  lavas,  resembles  hornblende  in  several 
respects,  and  in  small  gi'ains  is  difficult  to  distinguish  from  it. 
Its  chemical  composition,  crystal  form,  and  the  angle  at  which 
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the  cleavage  faces  meet  are  different,  and  the  color  is  dark  green 
instead  of  black.    Like  hornblende  it  decays  readily. 

Iran  Oret.  —  Small  quantities  of  iron  are  present  in  many  mlnersla 
and  rocks,  and  the  yelloiv  and  red  color  of  soils  is  due  to  Itou 
stain.     Among  the  iron  minerals  are  several  which  are  of  value  &s  ores. 

Magnetite,  a  compound  of  iron  and  oxygen  (Fe,0,),  is  black,  hard, 
heavy,  usually  cryatalline,  and  has  a  metallic  lu»ter.  A  magnet  will 
attract  the  grains.  HemaiUe  (Fe^Og),  another  oxide  of  iron,  is  red  and 
either  earthy,  crystalline,  or  iu  smooth,  rounded  masses.  Like  other 
iron  ores  it  is  heavy.  The  red  coloring  of  soils  is  due  to  a  hematite 
stain.  Limonite  ia  yellow,  and  common  iron  rust  and  the  yellow  color  of 
soils  are  due  to  this  mineral.  It  is  an  iron  oxide  with  water,  or  a  hydrous 
oxide  (2Fe,Oj  3II,0),  It  is  easy  to  determine  nn  ore  of  iron  by  scratch- 
ing it  on  a  piece  of  white  quartz,  or  of  broken  china,  llagnetite  gives  a 
black  streak,  hematite  red,  and  limonite  yellow. 

Siderite,  the  carbonate  of  iron  (FeCOj),  is  a  heavy  brownish  mineral, 
resembling  calcite  in  gecieral  appearance.  Iron  pi/rite,  or  pyrites,  the 
sulphide  of  iron  (FeS,),  is  not  useful  as  an  ore.  It  is  a  hard,  heavy, 
golden  yellow  mineral,  sometimes  mistaken  for  gold,  and  hence  called 
"  fool's  gold."    It  often  occun  in  jierCect  cubical  crystala 

Gypsum,  the  sulphate  of  lime,  occura  in  small  grains  in  many 
rocks,  and  sometimes  in  beds.  It  ia  so  soft  that  it  can  be  scratched 
with  the  finger  nail ;  and,  being  soluble,  is  often  present  in  "  hard" 
■water.  The  color  varies,  but  is  often  white.  Sometimes  it  is 
well  crystallized,  then  having  such  perfect  cleavage  that  it  splits 
into  thin  flakes ;  but,  unlike  mica,  tbe  flakes  are  not  elastic. 

Minerals  in  liocks.  —  The  tables  (pp.  410-il3)  show  that  the 
common  rocks  are  made  chiefly  of  the  minerals  described  above. 
Other  minerals,  while  abundant  in  some  localities,  are  relatively 
rare  in  the  rocks  of  the  earth ;  but  some  of  the  rarer  minerals, 
such  as  the  ores  of  gold,  silver,  copper,  etc.,  are  of  great  value  to 
man. 

ROCKS. 

3.  Clasalficatlon  of  tbe  Common  Rocks. — Rocks  are  mixtures  of 
minerals,  and  are  not  usually  of  definite  chemical  composition. 
They  may  be  classified  in  three  great  groups :  — 

(I)  Sedimentary  rocks,  mo.st  of  which  were  deposited  in  water ; 
(2)   Tunema  rocks,  which  were  once  molten  ;  and  (3)  Metavwrphic 


Tocka,  which  have  been  altered  from  some  previous  state  by  heat, 
pressure,  and  water.  A  few  of  the  most  commoD  are  described 
below. 

3.  Sedimentary  Rocks. — Fragmentai  or  ClaMic  Rocks.  —  By  the 
disintegration  of  rocks,  fragments  of  all  sizes,  from  clay  to  bowl- 
ders, are  detached.  When  assorted  by  water  these  are  deposited 
in  layers  (p.  33),  the  pebbles  forming  gravel  beds,  the  sand,  sand 
beds,  and  clay,  da;/  beds.  Ilock  fragments  may  also  be  brought 
by  glaciers,  by  wind,  and  by  volcanic  explosions,  which  supply 
ash  aud  pumice.  These  fragmental,  or  clastic,  materials  may  be 
cemented  into  solid  rock  by  the  deposit  of  mineral  substances 
carried  by  underground  water  (p.  39). 

Consolidated  gravel  beds,  called  conglomerates,  are  composed  of 
whatever  minerals  were  in  the  rooks  from  which  the  pebbles  are 
derived.  Consolidated  sand  beds,  or  sandstones,  usually  consist 
of  small  quartz  grains,  quartz  being  the  most  indestructible  of 
common  minerals.  Some  sandstones  are  well  cemented  and  firm, 
others  friable ;  and  iron  oxide  cement  often  gives  to  them  red, 
yellow,  or  brown  colors. 

A  well-cemented  sandstone  or  conglomerate,  with  much  quartz 
in  it,  is  one  of  the  most  durable  of  rocks,  resisting  denudation  so 
well  that  it  forms  peaks  and  ridges,  as  in  the  Appalachians. 
Since  quartz  does  not  decay  and  produce  plant  food,  ss  feldspar 
and  many  other  minerals  do,  sandstones  make  poor  soils. 

Shale,  the  most  common  clay  rock,  varies  in  color  from  black 
to  blue  or  light  gray.  Because  of  the  presence  of  large  numbers 
of  flattened  particles,  often  small  mica  flakes,  it  splits  readily 
along,  the  bedding  planes.  Shales  split  so  easily,  and  are  so  soft, 
that  they  readily  disintegrate,  and  among  mountains  are,  there- 
fore, usually  found  in  the  valleys.  Soils  produced  by  the  decay 
of  shale  are  much  more  fertile  than  sandstone  soils. 

Chemically  formed  Rocks. — The  decay  of  minerals  produces 
many  substances  which  underground  water  dissolves.  After  being 
carried  for  a  while,  some  may  be  deposited.  For  example,  car- 
bonate of  lime  is  being  deposited  as  staiactitea  in  caverns  (p.  60) 
and  as  calcareous  tufa  around  the  Hot  Springs  of  Yellowstone 
Park  (Fig.  2-43).  On  the  coast  of  Florida  and  in  Great  Salt  Lake 
it  is  also  being  precipitated  in  small,  rounded,  or  oolitic  grains 
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(p.  163).  Scdt  is  being  deposited  on  marshes  bordering  Great 
Salt  Lake  and  the  Caspian  Sea ;  and,  by  the  drying  up  of  salt 
lakes,  as  in  western  United  States,  gypsum  has  been  precipitated. 
Deposits  of  silica  around  the  geysers  of  Yellowstone  Park  form 
silicioua  sinter  (Fig.  244) ;  and  bog  iron  ore  is  being  accumulated 
where  certain  spring  waters,  on  reaching  tlie  air,  are  forced  to 
deposit  iron.  Undei^round  water  has  deposited  many  veins  of 
valuable  metal  in  fissures  in  the  ctust  (p.  132). 

Sedihkxtark  Bocks. 


OualH. 

Sam*. 

Co.««™«. 

Frag. 

mental, 
or  claHic 

Gravel  beds. 

Rand  beds. 
Sand  Bto  DCS. 
Clay  beds. 

Made  of  pebbles  derived  from  other  rocks. 

Consolidated  sand  beds. 

Disintegrated  feldspar,  liorablendo,  etc. 

Chemically 

formed 

fodca. 

Stalactite,     oolite, 
calcareous  tufa. 
IroD  depofiita. 
Silicious  sinter. 
Salt 
Gypsum. 

Carbonate  of  lime,  depoaiied  ill  water. 

Some  ores  of  iron,  especially  bog  Iron  ore. 

Sodium  chloride. 
Sulphate  of  lime. 

OrganU 
rocks. 

Most  limesioneB. 

Coal  (bituminous, 

lignite,  peat). 

Made  of  plant  remains. 

Organic  Bocks.  —  Carbonate  of  lime,  dissolved  in  water,  supplies 
many  animals  with  materials  for  shells,  or  limy  framework. 
Where  such  animals  are  abundant,  as  in  coral  reefs  (p.  217), 
their  limy  remains  often  accumulate  as  thick  beds  of  /i»t«jitone. 
Many  such  beds  have  been  raised  to  form  part  of  the  land. 
Limestone,  being  both  soft  and  soluble,  is  worn  away  to  form 
lowlands;  and,  since  it  is  rich  in  plant  food,  it  forms  a  fertile 
soil.  This  is  illustrated  in  the  broad,  fertile  limestone  valleys 
which  extend  among  the  mountains  of  Kew  England  and  New 
Jersey,  and  thence  through  the  Shenandp^  yaUQy..ot.¥ifgiQift 
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to  Tennessee.  Ddomite  is  not  so  easily  worn,  and,  when  very 
massive,  sometimes  forms  mountains.  One  very  rugged  section 
of  the  Alps  is  known  as  the  Dolomite  Alps. 

Remains  of  plants  accumulate  in  swamps,  as  in  peat  bogs 
(p.  168),  where  the  water  retards  decay.  When  such  swamp 
deposits  have  been  covered  with  beds  of  other  rocks,  they  gi-adn- 
ally  lose  their  water  and  gases,  and  change  to  coal  (p.  170).  The 
early  stages  of  this  change  form  lignite,  later  stages  bUuminous 
coal.' 

4.  Igneont  Rocks.  — These  rocks,  which  have  risen  in  a  melted 
condition  from  within  the  earth,  have  cooled  either  on  the  surface, 
as  near  Tolcanoes,  or  below  the  surface  as  irUruded  masses  in  the 
crust  (p.  126).  In  the  latter  case,  the  overlying  blanket  of  strata 
has  allowed  the  lava  to  cool  so  slowly  that  the  minerals  have  had 
opportunity  to  grow  to  fair  size,  giving  these  intruded  rocks  a 
coarse  crystalline  structure.  In  many  places  denudation  has 
worn  the  surface  down  to  these  intruded  igneous  rocks. 

Oranite  (Fig.  33).  —  Granite  is  the  most  common  intruded  igneous 
rock.  Of  what  minerals  is  it  composed  (see  table  p.  412)  7  The 
structnre  is  so  coarse  that  the  different  mineral  grains  are  plainly 
seen  and  easily  distinguished.  The  color  of  granite  varies  accord- 
ing to  the  color  of  the  feldspar,  being  commonly  light  and  either 
gray,  grayish  green,  red,  or  pink.  It  is  a  valuable  building  stone, 
and  is  one  of  the  hardest  and  most  durable  of  rocks,  resisting 
destruction  so  well  that,  in  the  wearing  down  of  mountains,  it  is 
commonly  left  standing  as  peaks. 

Syenite,  a  coarse-gi'ained  rock,  resembles  granite,  but  has  no 
quartz.  Gabbro,  norite,  and  anorthosite,  found  in  the  Adiron- 
dacks  and  in  Canada,  are  hard,  intruded  Igneous  rocks,  less  com- 
moD  than  granite. 

Diorite  and  Diabase  are  dark-colored  igneous  rocks  without 
quartz,  the  color  being  due  to  dark-colored  minerals,  especially 
hornblende,  augite,  and  mica.  Diabase,  also  called  trap,  is  often 
so  fine  grained  that  the  minerals  cannot  be  distinguished  without 
a  microscope.  The  Palisades  of  the  Hudson  and  the  trap  hills 
of  New  Jersey  and  the  Connecticut  valley  are  diabase, 

Bhi/olite,  trachyte,  avdesite,  and  basalt  (see  table)  are  among 
the  most  common  lavas  erupted  from  volcanoea     The  first  two 
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are  light,  the  last  two,  dark  colored.  Iq  most  cases,  erupted  lavaa 
have  cooled  too  rapidly  for  the  mineral  grains  to  grow  la^e 
enough  to  be  distiii^ished  by  the  eye  alone ;  bat  large  porphyrilic 
crystals  are  often  scattered  through  them,  having  been  formed 
while  the  rock  was  still  molten,  then  inclosed  in  the  fine-grained 
mass,  which  quickly  cooled  when  the  lava  reached  the  air. 

Sometimes  lavas  cool  so  rapidly  that  they  resemble  black  glass, 
and  they  are  then  called  natural  glass  or  obsidian. 

A  porous  structure  is  given  lavas  by  the  expansion  of  steam, 
which  forms  cavities;  and  rapid  expansion  of  the  steam  blows  the 
lava  into  bits,  forming  pumice  (Fig.  33)  and  volcanic  ash  (p.  122). 

The  aah  from  the  Martinique  eruption  (p.  ll.S)  was  aitdesite  lava 
blown  to  pieces  by  steam;  tlie  lava  of  the  Hawaiian  volcanoes  is  basalt. 
Much  of  the  country  west  of  the  Rocky  Mountains  is  covered  with 
basalt,  andesite,  and  other  lava  rocks  erupted  from  ancient  volcanoes 
and  fissures.  These  lavas,  having  many  cavities  for  water  to  enter,  and 
being  made  of  minerals  that  decay  readily,  are  soon  covered  witli  a 
fertile  soil,  for  the  minerals  of  lava  are  rich  in  plant  food. 


Iqnsovs  Bocks. 


TuTun. 

Nahi. 

Chiu-  HinuiL  CoMi-oBisw. 

CodTM  grained. 

Oran[te. 
Syenite. 
Diorite. 

QuartE,  feldspar  (orthoclase).  and 
hornblende,  or  mica,  or  both. 

Feldspar  (plagioclase)  and  either 
hornblende,  or  mica,  or  both. 

Both  coarse  ond 
]la€  gralatd. 

Diabase. 

Feldspar  (plagioclase)  and  augito. 

Fine  grainea. 

Rhyotite    (quartz 

porphyry). 
Trachyte. 

Andesite. 
Basalt. 

Quartz,  feldspar  (orthoclase),  and 

hornblende,  or  mica,  or  both. 
Feldspar   (orthoclase),  and    either 

hornblende,  or  mica,  or  both. 
Feldspar  (plagioclase),  and  either 

liomblende,  mica,  augiie,  or  two 

of  these. 
Feldspar  (plagioclase),  and  angite 

(often  olivine). 
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5.  MetamoipUc  Rocks.  — Any  rock  subjected  to  great  pressure,  as 
in  mountain  folding,  and  to  the  action  of  heated  water,  is  certain 
to  suffer  change  or  metamorphism.  In  sandstone,  for  example, 
silica  may  be  deposited  around  the  grains  until  the  lock  becomes 
almost  one  solid  mass  of  quartz,  called  quartzite.  Shale,  when 
altered  by  metamorphism,  changes  to  date.  New  minerals  are 
then  developed,  which  have  cleavage  so  perfect  that  the  slate  is 
caused  to  split,  or  cleave  readily.  By  metamorphism  limestone  is 
changed  to  crystalline  caleite,  as  in  the  case  of  white  marble. 

In  the  Appalachian  Mountains  (p.  109),  coal  has  been  metamor- 
phosed to  anthracite.  In  Rhode  Island,  where  mountain  folding 
was  even  more  intense,  coal  has,  in  some  cases,  been  changed 
to  graphite,  which  ia  pure  carbon. 

When  subjected  to  metamorphism  so  intense  that  the  minerals 
have  recrystaJlized,  some  rocks  are  altered  to  gneiss.  Gneiss 
resembles  granite ;  but  there  is  a  slight  banding  of  the  minerals 
(Fig.  33),  due  to  the  fact  that  they  have  developed  along  lines  of 
least  resistance — that  ia,  at  right  angles  to  the  pressure.  Where 
the  banding  is  so  distinct  that  the  rock  readily  cleaves,  it  is  a 
achitt.  Gneisses  and  schists  are  durable  crystalline  rocks,  found 
in  legions  of  intense  mountain  folding. 

Metauorphic  Bocks. 


ITlL<«. 

SO..C. 

M.-«*.  Co.™m»«. 

Quartzite. 

A  lured  sandstones. 

Quartz. 

SUte  (tugillite). 

Altered  clay  rocka. 

PartiEill7  crystallized   mlca- 

Altered  carbonate  of  IJoie. 

Calcite. 

Antbncite 

Altered  coal. 

Mainly  carbon  and  carbon 

ar'""'- 

Altered     from     varions 

Variable  —  usually   two    or 

rockg,  e.g.  ahale,  con- 

more    of    the     following: 

feldspar,      quartz,      hom- 
blen^le,  or  mica. 

Altered     from     vaiiooa 

Variable— usually  two     or 

rocks,  e.g.  ebale,  con- 

more     of    the    following : 

feldspar,     quartz,     horn- 

diorite, etc 

blende,  or  mica. 
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Sdooestionb.  —  (1)  Collect  minerals  from  your  neighborhood  and 
study  them.  Dana's  Minerals  and  Hoic  lo  Studi/  Them  is  a  good  book  of 
reference.  (2)  Collect  rooks  fram  the  ledges,  bowlders,  quarries,  and 
stone  yards.  If  you  Utb  in  a  part  of  the  country  reached  by  the  ice 
sheet  (Fig.  270),  you  will  £nd  a  varied  store  of  rock  specimens  in  the 
gravel  banks.  See  how  many  kinds  you  can.  collect.  Study  their  chai^ 
acteriatics ;  place  them  in  one  of  the  three  groups  and,  if  possible,  give 
them  their  proper  naraai.  The  teacher  can  systeraatize  this  work  and 
make  it  of  great  disciplinary  value.  (3)  Place  pieces  of  quartz,  feld- 
gpar,  and  calciU:  in  weak  hydrochloric  acid.  Which  is  attacked  by  it? 
Water  in  the  earth  is  often  weakly  acid,  and  in  this  state  attacks  min- 
erals. (4)  Grind  up  some  mica,  mix  with  sand,  and  stir  in  water.  After 
the  sedimeut  has  settled,  notice  the  position  of  the  mica  Hakes.  It  is  for 
this  reason  that  shales  split  readily  along  the  bedding  planes.  (5)  To 
which  of  the  three  groups  do  the  rocks  of  your  neighborhood  belong! 
What  kind  or  kinds  do  you  find?  Of  what  are  they  made?  Are  they 
hard  or  soft?  Do  they  make  rich  or  poor  soil?  If  your  home  is  in  a 
valley,  see  if  the  rocks  on  the  hills  are  different.  What  are  the  differ- 
ences?   Do  they  help  account  for  the  hills  and  valleys? 


Table  for  Guide  ik  Study  of  Minekals. 


Makl 

"m"' 

Cou.. 

5"."™ 

■■Kr." 

^iS"" 

Frac 

^». 

FnATCmB. 

Quartz. 

7 

Trans- 
parent 

2.6 

Hexag- 
onal. 

None. 

Con- 

choldal. 

Vitre- 
ous. 

Calcite. 

Ete. 

Reference  Books. — Daka,  Minerals  and  How  to  Study  Them,  Wiley  & 
Sons,  New  York,  1895,  »1.50;  Kemp,  Hawlbook  of  Rockt,  D.  Van  Nostrend 
Co.,  New  York,  2d  ed.,  IBOO,  »1.50. 
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APPENDIX  D.     GEOLOGICAL  AGES. 


While  it  is  impossible  to  tell  the  age  of  the  earth  in  years 
(p.  45),  geolt^Bts  have  divided  the  strata  into  stages,  or  periods, 
and  have  determined  their  relative  age.  This  is  made  possible  by 
the  fossils  the  strata  contain.  For  example,  there  was  a  time 
when  no  animals  higher  than  fishes  lived  on  the  earth;  and  if 
strata  contain  remains  of  birds,  it  is  certain  that  they  were  not 
deposited  in  those  ancient  times.  Careful  studies  of  fossils,  in 
all  parts  of  the  earth,  have  so  clearly  revealed  the  history  of  the 
development  of  life  that,  on  examining  the  fossils  in  a  rock,  geolo- 
gists can  now  tell  in  what  period  it  was  formed.  To  the  different 
periods  names  have  been  given,  some  of  the  most  common  of 
which  are  placed  in  the  following  table: 


FttiaCoceiif,  or 
Quaternary. 

Mail  asBumea  importance,  psrticuUrly  Id 
Dpper  part.    Glacial  period  in  first  liaU. 

•ma. 

(AKSot 

NKOCENE, 

1 

MammaU  develop  in  remarkable  variety, 

and  H>  great  size,  while  reptiles  dimiDish. 

EOCENE, 

■ESOZOIC 

Cntacgovt. 

plants  and  insects  of  liigli  type. 

I^Itllw.) 

Jurtulic. 

Triattic. 

low  foruia  of  inammalB  appear. 

PIMMMO 

Carboniferotia. 

Fishes  are  abundant. 

,n,te.'u«., 

Silurian. 

Invertebrates"  prevail. 

Cumbrian. 

No  forma  hisher  than  invertebrates. 

Azoic'mtE. 

(No  ftwsila 

Arehean.t 

Mostly  metamorphic  rocks;  perhaps,  in 
part,  original  crust  of  earth. 

■  Uppw  part  »ii 


APPENDIX  E.     TIDES. 


The  full  explanation  of  tides  is  considered  too  difficult  and 
complex  for  statement  in  so  elementary  a  book.  It  is  known  that 
they  ate  caused  by  the  attraction  of  gravitatiou  which  both  sun 
and  moon  are  exerting  on  the  earth;  but  the  moon  is  more 
effective  in  this  than  the  sun. 

This  pull  of  gravitation  draws  the  ocean  water  toward  the  moon 
(Fig.  557),  producing  a  wave  which  follows  the  moon  across  the 
oceans.  A  second  high  tide  is  formed 
on  the  opposite  side  of  the  earth.  In 
this  way  the  ocean  is  distorted  into 
a  somewhat  elliptical  form.  If  tlie 
earth  were  all  water,  the  attraction 
of  the  moon  would  change  it  to  an 
ellipse ;  and,  as  the  earth  rotated,  the 
form  of  the  ellipse  wouid  constantly 
change  to  keep  its  axis  pointing  to- 
ward the  moon.'  That  is  to  say,  two 
waves  would  constantly  be  passing 
around  the  earth,  following  the  moon. 
To  understand  this  shape  attach  a 
rubber  ball  to  the  floor  and,  by  a 
string  on  the  upper  side,  pnll  until 
the  ball  loses  ita  spherical  shape. 

Tidal  waves  are  produced  by  the 
sun  in  the  same    way   as    by    the 
moon;  but,  although  the  sun  is  so  much  larger  than  the  moon, 

'  There  in  more  to  tlie  tidal  explanation  llian  the  mere  pall  of  gravitation ; 
there  la  also  tbe  effect  of  centrifugal  force.  However,  anless  the  teacher, 
because  of  special  interest,  vrlahea  to  enter  into  a  full  study  of  tides,  it  does 
not  seem  well  to  Introduce  ihla  complex  question. 
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Fio.  657.  —  Dlalottlun  of 
bf  attraction  of  moon, 
tortirai  being  greatly 
gerated. 
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its  greater  distance  makes  ita  tide-producing  effect  less.     The 

solar  tides  are,  therefore,  only  about  oue  third  as  great  as  the  lunar 

tides.    Thus,  at  all 

times,  there  are  four 

tidal  waves   in  the 

oceans,  two  formed 

by  the   moon,   and 

two  smaller  ones  by 

the  Sim.      Id   each 

pair  one  is  on  the  opposite  side  of  the  «arth  from  the  other. 

At  full  moon  (Fig.  558)  the  sun  and  moon  are  nearly  in  line. 

They  are  then  pulling  so  nearly  together  that  the  solar  and  lunar 

tides  combine,  causing  an  uncommonly  high  tidal  range,  known  as 
spring  tide.  At  new 
moon,  the  sun  and 
moon  are  again 
neatly  in  line,  and 
spring  tides  are 
again  formed.  Dur- 
ing the  quarters 
(Fig.  669),  on  the 
other  hand,  the  high 
tides  formed  by  the 
moon    occur    where 

low  tides  are  caused  by  the  sun ;  consequently  the  tidal  range  is 

much  less.    These  tides  of  low  range  are  called  neap  tides.     Each 

lunar  month,  that  is  every  29J  days,  there  are  two  spring  and 

two  neap  tides. 

Another  canse  for  variation  in  tidal  range  ia  the  diatance  of  the  moon. 
The  moon  revolves  around  the  earth  in  an  ellipse,  and  when  it  is  nearest 
to  the  earth,  or  in  perigee,  the  lunar  tide  i»  higher  than  when  it  is  farthest, 
or  in  apogee.  BccaiiM!  of  these  variations  in  the  relative  position  of  sun 
and  moon,  and  in  the  distance  of  the  moon,  the  tidal  range  varies  greatly. 
There  is  also  an  irregular  variation  due  to  wind  (p.  271),  which  some- 
times piles  the  water  up  in  hays,  causing  it  to  overflow  wharves  and  low 
laud  that  the  tide  itself  never  reaches. 
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Fio.  Ki9.  — To  illustrate  cause  ol  neap  tides. 
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APPENDIX  F.      MAGNETISM. 

In  the  UDited  States,  aa  in  other  regioas,  a  har  or  needle  of 
magnetized  steel,  so  suspended  that  it  freely  swings  horizontally, 
will  ]M>int  north  and  south.  An  instrument  having  such  a  needle 
is  a  compass.  Throughout  most  of  the  country  the  compass  needle 
points  a  little  to  one  side  of  a  true  north  and  south  line.  In  central 
westera  Greenland  the  needle  points  westward,  in  northern  Green- 
land, south  westward.  The  place  toward  which  the  compass  needle 
points  is  known  as  the  noiik  magnetic  pole,  and  is  located  north 
of  Hudson  Bay  and  west  of  Baffin  Land,  Within  the  Antarctic 
Circle,  between  New  Zealand  and  the  South  Bole,  there  is  a 
similar  region  known  as  the  south  magnetic  pole. 

It  is  because  of  these  centers  of  magnetism  that  the  compass  is 
so  valuable  that  sailors  depend  upon  it  for  determining  the 
course  of  their  ships,  and  the  steersman  always  has  one  in  plain 
siglit.  In  the  Arctic  the  compass  is  much  less  useful,  for,  though 
neai-er  the  magnetic  pole,  the  needle  is  less  sensitive  and  more 
easily  deflected  by  outside  influences,  such  as  the  presence  of  iron. 

The  reason  for  this  fact  is  that  the  cause  for  the  attraction  of  the 
needle  lies  beneath  the  earth's  surface.  This  is  proved  by  so  suspending 
a  needle  that  it  will  freely  swing,  or  dip,  verticall;.  At  the  magnetic 
pole,  the  needle  of  such  a  ilip  compasn  points  directly  downward  ;  near 
the  equator  it  swings  horizontally;  part  wny  between  the  pole  and  equa- 
tor it  points  toward  the  eurth  at  an  angle.  I'rom  this  it  is  evident  that, 
the  nearer  one  goes  to  the  magnetic  pole,  the  stronger  becomes  tbe  down- 
ward attraction  and  the  weaker  the  horizontal  pull,  and,  therefore,  the 
less  u.seful  tbe  compass. 

Along  a  line  extending  from  South  Carolina  to  Lake  Superior, 
magnetic  north,  or  north  by  the  compass,  is  the  same  as  true  north ; 
that  is,  the  compass  points  toward  the  north  pole.  Kast  of  this 
line  the  compass  points  to  the  west  of  true  north,  northern  Maine 
showing  a  difference  between  magnetic  and  true  north,  or  a  declina- 
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Fio.  S62.  —  Hachnre  map  from  one  ot  tlie  ITnited  .StaMs  Goaat  Survey  charU. 
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tion,  of  21°.  West  of  the  line  of  no  variation,  or  no  declination, 
tlie  needle  points  to  the  east  of  true  north,  in  northern  Washing- 
ton reaching  an  east  declination  of  23°.  A  map  showing  lines  of 
equal  magnetic  declination  is  an  isogonic  map  (Fig.  StiO). 

The  amount  of  declination  slowly  changea,  ao  that  a  map  made 
for  one  year  is  not  strictly  accurate  for  the  next  year;  but  the 
change  is  bo  slow  that  a  long  time  is  necessary  to  produce  a 
marked  difference.  The  cause  for  these  changes,  and  even  the 
cause  for  the  magnetism  of  the  earth,  is  unknown.  It  is  some 
condition  within  the  earth,  far  from  the  surface,  possibly  in  some 
way  connected  with  the  heated  interior.  All  that  is  positively 
known  is  that,  for  some  reason,  the  earth  acts  as  a  great  magnet. 

The  aurora  horealii,  or  northern  lights,  is  in  some  way  connected  with 
this  tnagneliBm.  A  similar  phenomenon,  the  aurora  auslralii,  is  found  in 
the  southern  hemisphere.  The  aurora  is  not  common  in  the  United 
States,  thoug'h  aonietimeH  it  becomes  visible,  and  even  vivid.  Tlie  north- 
ern sky  is  then  aglow  with  an  arch  of  strange  Ught,  with  streamers  dart^ 
ing  to  and  fro.  In  the  far  north  the  aui-ora  becomes  much  more  vivid, 
and  may  be  seen  night  after  night.  The  cause  of  the  aurora  is  unknown, 
though  it  seenis  to  be  due  to  faint  electrical  discbarges  in  the  upper  air, 
resulting  from  eooie  influence  of  the  eartli's  magnetism. 

SnGGESTtoNR.— -  (I)  Learn  to  read  a  compass  (a  small  one  is  quite 
inexpensive).  Determine  the  true  north  and  south  line.  This  can  be 
done  by  setting  up  two  poles  in  line  with  the  north  star.  With  a  com- 
pass, observe  the  difference  between  true  and  magnetic  north.  (2)  Place 
a  bar  of  iron  near  a  compass.  Is  the  needle  disturbed?  Try  the  effect 
of  a  magnet.  (H)  If  yon  have  ever  seen  an  aurora,  describe  it.  Have 
you  ever  read  a  description  of  one  in  a  book  of  Arctic  travel  7 
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APPENDIX  G.      METEOROLOGICAL    INSTRU- 
MENTS. 

1.  Xbennometers.  —  The  ordinary  thermometer  is  a  sealed 
glass  tube  with  a  cavity  of  small  diameter,  ending  below  in  an 
expansion,  or  bulb,  in  which  there  is  mercury.  The  mercury  can 
rise  and  fall  fveely  in  the  tube  because  there  is  no  air  in  it 
The  principle  of  the  thermometer  is  that  liquids,  like  mercury, 
expand  and  require  more  space  when  warmed,  but,  when  cooled, 
contract  and  take  up  less  space.  As  the  temperature  clianges, 
therefore,  the  mercury  in  the  bulb  causes  a  tiny  thread  of  mercury 
to  rise  and  fall  in  the  tube.  Other  liquids  may  be  used;  in  fact, 
alcohol  is  used  when  thermometers  are  to  be  exposed  to  cold 
greater  than  the  freezing  point  of  mercury  (—40°), 

Thermometers  are  graduated  in  degrees,  the  division  commonly  nsed 
in  America  and  Euglaud  being  the  Fahrenheit  (Fnhi.)  scule.    In  this, 
the  boiling  point  of  water  is  placed  at  219°  and  its  freezing  point  at  32". 
This  ia  not  nearly  so  simple  a  scale  as  the  Centigrade  (Cent.)  which  is 
commonly   used    on    the 
continetit  of  Europe.     In 
this,  the  freezing  point  is 
placed  at  0°  and  the  boil- 
ing  point   at    100°.      To 
convert     Centigrade     to 
Fahrenheit,  multiply  by 
1.8"  and  add  32°.     Thus 
10°  Cent,  equals  50°  Fahr. 
(10°  X  1.8°  =  18°  +  32°  = 

Fio.  664,  —  A  thBTmograph.  J,'     , 

Metals  also  expand 
when  warmed  and  contract  when  cooled.  Because  of  this  fact,  themiom- 
eters  may  he  made  of  metal  strips  connected  with  a  hand  that  moves 
over  a  graduated  dial.  Such  thermometers  may  sometimes  be  ieen  in 
front  of  city  stores.  A  metal  thermometer  may  also  he  connected  with 
an  arm,  bearing  a  pen,  which  is  moved  as  the  temperature  changes. 
This  pen  may  be  so  placed  as  to  press  against  a  piece  of  paper  on  a 
cylinder,  revolved  by  clockwork.    As  the  pen  rises  and  falls,  while  the 


MKTEOBOLOOICAL  lySTSUMENTS.  421 

oylinder  regularly  resolves,  it  writes  a  record  of  temperatuie  changes  for 
every  minute  of  the  day.  Such  a  aelf-recordiug  thermometer  is  called  a 
Aermograph  (Fig.  564). 

2.  Barometers.  —  The  weight,  or  pressure,  of  air  will  push 
liquid  up  into  a  tube  having  a  vacuum  in  the  top.  It  will  push 
the  liquid  \ip  until  a  column  is  formed  that  equals  the  weight  of 
the  air  column  pressing  on  it.  It  is  because  of  this  air  pressure 
that  water  is  pushed  up  from  a  well  into  the  tube  of  a  pump. 
The  stroke  of  the  pump  exhausts  air  from  the  tube,  thus  tendiDg 
to  make  a  vacuum,  into  which  the  water  may  be  pushed  by  the 
air  pi-essure.  Since  a  column  of  water  about  30  feet  high  bal- 
ances the  air  pressure,  an  ordinary  pump  could  not  possibly  raise 
water  from  a  iifty-foot  well. 

Years  ago  water,  in  tubes  over  30  feet  long,  was  used  to  measure 
air  pressure.  Mercury  is  now  employed  because  it  is  so  heavy 
that  a  column  only  thirty  inches  high  balances  the  air  pressure. 
An  instrument  containing  such  a  mercury  column  is  called  a 
boTometer. 

Any  one  can  make  a  rough  barometer  with  a  glaas  tube  S5  inches 
long,  sealed  at  one  end.  Fill  it  with  mercury,  ard  invert  it,  with  the 
open  end  in  a  small  dish  of  mercary,  being  careful  not  to  allow  tlie 
mercury  to  spill.  The  mercury  will  fall  a  few  inches,  and  air  pressure 
will  keep  it  there.  By  fasteuing  it  to  a  standard  to  keep  it  upright,  one 
may  watch  the  mercury  rise  and  fall  from  day  to  day.  A  scale  of  inches 
Bad  tenths  of  inches  may  be  marked  on  the  glass  with  a  piece  of  quartz  or 
a  glazier's  diamond ;  or  on  the  piece  of  wood  to  which  the  tube  is  fast- 
ened.   By  comparison  with  a  barometer  the  scale  may  be  made  exact. 

Ordinary  mercury  barometers  are  graduated  in  inches  and 
tenths  of  inches,  and  a  scale,  called  a  vender,  enables  readings  to 
hundredths  of  inches.  As  storms  come  and  go  the  air  pressure 
varies,  and  with  these  changes  the  height  of  the  nierouiy  column 
changes.  "\\Tien  the  air  is  heavy  the  barometer  column  is  high, 
and  there  is  a  Jiiijh  baromeier;  when  the  air  is  light  the  barometer 
column  is  low,  and  there  is  a  hw  barometer.  For  example,  30.1 
inches  is  a  high  barometer;  29.3  is  a  low  barometer. 

Since  there  is  leas  air  (and  therefore  leas  j»reB.svire)  above  high- 
lands than  lowlands,  the  barometer  is  low  on  highlands  and  high 
on  lowlands.    As  this  difference  in  pressure  varies  quite  regu- 
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larly,  a  barometer  may  be  used  to  measure  elevation ;  for  a  cbange 
of  an  inch  in  the  mercury  coluiun   represents  a  difference  in 
elevation  of  a  certain  number  of  feet. 
A  mercurial  barometer  is  too  cumbei-some,  and  too  easily  in- 
_  ,  jured,    to    be    carried    about; 

therefore,  for  measuring  ele- 
vations, au  aneroid  barometer 
is  commonly  used.  An  ane- 
i-oid,  which  is  so  small  that  it 
may  be  carried  in  the  pocket, 
has  a  metal  diaphragm  inside 
of  a  metal  case.  Differences 
in  air  pressure  cause  this  dia- 
phragm to  move,  and  this  move- 
ment is  communicated  to  a 
hand  which  moves  over  a  dial 
(Fig.  565).  Since  the  dial  is 
graduated  in  feet,  one  can  tell 
at  a  glance  how  high  he  has 
climbed. 

One  serious  disadvantage  in  the 

use  of  the  aneroid  is  that  it  ia 
Fro.  B6B.  — Aneroid  baromeler.  gradu-      affected  by  aH  changes  in  air  pre* 
Bted  in   (eel   (ouUide)  aud   iuches      sure.      Thus,  if    &    storm   pat>se3 
(fnslde).  while  the  aneroid  ia   beiog  uspd 

to  measure  an  elevation,  the  change 
in  air  pres-iure  causes  the  hand  to  move,  making  an  error  in  the  obser- 
vation. Thi.s  can  be  eonected,  however,  by  comparing  its  readings  with 
those  of  another  barometer  kept  at  a  fixed  plnce. 

As  in  the  case  of  thermometers,  there  are  self-recording  barometers,  or 
baroffraphi.  In  these,  as  in  thermographs,  a  pen  point  pressed  against  a 
roll  of  paper  on  a  cylinder,  revolved  by  clockwork,  gives  a  continuous 
record  of  changes  in  pressure. 

3.  Anemometers.  —  Wind  direction  is  determined  by  the  ordinary 
H-eatlter  vane,  and  the  rate  at  which  the  air  ia  moving  by  the 
anemometer  (Fig.  56C).  The  latter  instrument  consists  of  four 
metal  cups  on  crossbars,  revolved  by  the  wind  striking  the 
hollow  side   of   the   cups.      Each   revolution   is  communicated 
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lording 


to  a  cog-vheel,  which  causes  a  hand  to  move  on  a  dial,  !• 
the  Telocity. 

Wind  velocity  is  measured  in  miles  per  hour,  and  the  dial  is  so 
graduated  that  the  hand  indicates  the  number  of  miles  the  wind 
has  moved.  An  anemometer  may  be  connected  by  electric  urire 
to  a  self-recording  apparatus. 

A  slight  breeze  has  a  velocity  of  from  1  to  10  miles  per  hour; 
a  strong  wind  from  20  to  30  miles;  a  gale  from  40  to  60  miles; 
and  a  tornado  wind  even  as  much  as  200  miles  per  hour. 

1.  Measurement  of  Vapor.  —  There  are  several  instruments  for 
determining  the  humidity  of  the  aii.  One  of  these  is  the  Itair 
hygrometer,  which  consists  of  a  bundle  of  hair  robbed  of  its  oil. 
Such  hair  will  absorb  vapor,  changing  in  length  as  the  amount  of 
absorbed  vapor  varies.  It  is 
because  of  this  fact  that  the 
hair  of  many  people  becomes 
straight  in  damp  weather.  In 
the  hair  hygrometer  a  hand  is 
moved  over  a  graduated  scale, 
in  one  direction  if  the  humidity 
is  high,  in  the  other  if  it  is 
low. 

Another     instrument,     the 


two  thermometers  attached  to 

a  board,  one  having  a  piece  of 

wet  muslin  around  its  bulb. 

Its    use    depends    upon    two 

facts:    (1)  That    evaporation 

19  more  rapid  in  dry  than  in 

humid  air;  (2)  that  evapora-  Fio.C66.~ADanemainGtsr. 

tion  lowers  the  temperature. 

Since  evaporation  is  more  rapid  when  the  air  is  moving,  the 
sling  psychrometer  is  whirled  around  for  a  minute  or  two.  If  the 
air  is  saturated,  there  will  be  no  evaporation  from  the  wet  muslin, 
and  the  two  thermometers  will,  therefore,  read  the  same ;  but  if 
the  air  is  dry,  the  wet  bulb  thermometer  will  register  a  perceptibly 
lower  temperature.    The  United  States  Weathei;  Bqreau  furniBhea 
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tables  from  which  the  relative  humidity  can  be  calculated,  when 
the  diSei-ence  in  temperature  between  the  dry  and  wet  bulb  ther- 
mometers has  been  determined. 

Various  instruments  are  used  for  determining  the  rate  of  ecaporaiion, 
which  varies  from  day  to  day  nnd  from  place  to  place.  Ad  eeaporat'mg 
pan  consista  of  a  dish  of  nater  in  which  is  placed  a  ruler  graduated  in 
inches  and  tenths  of  inches.  By  this,  one  can  tfiU  how  much  is  evapo- 
rated from  the  water  surface  in  a  given  time.  Rain  should  be  prevented 
from  falling  into  tlie  pan,  but  it  should  be  freely  open  to  the  air.  It 
should  not  be  exposed  to  the  sun,  because  warming  increases  evaporation. 
Tt  is  beat  to  place  it  in  the  ground  with  the  top  level  with  the  6urf»ce. 

fi.  Rainfall  Heasurement. — Rainfall  13  recorded  In  number  of 
inches  and  tenths  of  inches  that  falls  on  a  given  surface.  Any  cyl- 
inder, as  a  tomato  can,  could  be  used  as  a  rafn  gauge,  or  measurer ; 
but  an  ordinary  rainfall  is  so  slight  that  it  would  be  difficult  to 
measure  it  unless  some  provision  were  made  for  collecting  the 
water  in  a  smaller  space  than  the  surface  on  which  it  felL 

Any  tinsmith  can  make  a  rain  gangs,  with  two  cylinders,  one  inside  of 
the  other,  the  inside  cylinder  having  a  diameter  of  2.53  inches,  the  out- 
liide  one  8  inches  (Fig.  561).  A  funnel  fits  uver  the  outside  cylinder,  and 
a  hole  in  it  leads  into  the  inside  cylinder.  The  rain  that  falls  on  the 
funnel  collects  In  the  bottom  of  the  inner  cylinder  to  a  depth  ten  times 
that  of  the  actual  rainfall.  Measuring  this  with  a  ruler,  and  dividing  by 
ten,  gives  the  actual  rainfall,  even  though  it  is  sliglit.  There  are  also 
self-recording  rain  gauges. 

Instruments  are  sometimes  uaed  for  measuring  snowfall ;  but  usually 
this  can  he  fairly  well  done  by  measuring  its  depth  in  some  place 
where  it  is  not  drifted.  The  average  snowfall  is  about  ten  times  the 
amount  that  would  have  fallen  as  rain.  In  weather  records  it  is  ens- 
tomary  to  record  snowfall  in  inches  ot  rain.  Place  snow  in  a  cylinder, 
filling  it  U>  a  depth  of  a  foot,  and  melt  it  to  see  how  much  water  it  pro- 
duces.    Do  not  pack  the  snow  down. 

6.  An  Instrument  Shelter.  —  In  order  to  get  good  results,  meteorologi- 
cal instrnments  must  he  placed  where  they  are  not  influenced  by  local  con- 
ditions. For  eiample,  two  thermometers,  one  in  the  shade,  the  other 
exposed  to  the  sun,  will  give  very  di ffei' en t  readings.  A  simple  inrtruntenl 
iheltrr,  made  of  inclined,  overlapping  slaK^i,  far  enough  apart  to  let  the 
lir  circulate  freely,  and  yet  near  cnongh  togetlier  to  keep  the  ann  out,  is 
MHily  made.    It  should  be  placed  either  on  open  ground  oi  on  the  roof. 
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The  barometer  maj  be  kept  in  the  scboolroom,  the  rain  gauge  on  open 
ground  away  from  a  building,  and  the  anemometer  on  the  roof ;  but  the 
ottier  iDBtraments  are  best  kept  in  an  instrument  shelter. 

SuoOEBTiONS.  —  For  purchase  of  meteorological  instrunienta,  see  p.  438. 
As  indicated  above,  it  is  possible  to  make  several  of  the  common  instru- 
ments, especially  the  barometer,  psych roinet«r,  evaporating  pan,  and  rain 
gauge.  This  might  easily  be  done  in  the  manual  training  department 
With  these  instruments  daily  records  may  be  kept,  and  laboratory  work 
of  value  done,  especially  for  comparison  with  the  study  of  weather  maps 
and  storms.  Daily  and  seasonal  temperature  curves  may  also  be  made. 
If  this  work  is  carried  along  with  the  study  of  the  atmosphere,  the  teacher 
will  find  many  opportunities  for  connecting  observations  with  facts  in  the 
book.  For  example,  observe  the  humidity  of  the  air  near  the  ground 
when  dew  is  forming  and  when  it  is  not.  When  frost  is  forming,  take  the 
temperature  of  the  ground  and  of  the  air  10  feet  above  it  to  see  if  radia- 
tion cools  the  ground.  After  the  barometer  begins  to  fall,  does  it  rain  ? 
What  change  in  wind  direction  then  takes  place  1    In  temperature,  et«.  ? 
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APPENDIX  H.     WEATHER  MAPS. 

Tee  U.  S.  Weather  Bureau  issues  daily  maps  showing  weather 
conditions  throughout  the  country.  By  application  these  can 
doubtless  be  secured  for  the  school,  and,  being  placed  in  the 
schoolroom,  will  serve  as  a  valuable  basis  for  laboratory  study. 

The  weather  maps  are  based  upon  reports  telegraphed  from 
Weather  Bureau  Stations  in  all  sections  of  the  country ;  and  the 
facts  regarding  temperature,  rainfall,  and  wind  are  placed  in  a 
table  at  the  bottom  of  the  map.  On  the  basis  of  these  reports, 
predictions  for  the  next  day  are  made  at  a  central  office. 

On  the  map,  which  is  an  outline  map  of  Unit«d  States,  the  direction 
of  the  wind  is  indicated  by  arrows.  At  the  ends  of  some  of  the  arrows  is 
the  letter  R,  meaning  rain,  or  S,  meaning  snow.  Arrows  that  terminate 
in  blank  circles  (jf)  mean  clear  weather;  when  crossed  by  a  line  (f), 
partly  cloudy ;  and  when  occupied  by  a  cross  (  f  ),  cloudy.  The  centers 
of  high  and  low  pressure  areas  are  indicated  by  the  words  Hiyh  and  Low. 
Dotted  lines  {isothermal  lines)  [lass  through  places  having  equal  tempera- 
tures, and  continuous  lines  (isoliaric  Unes)  pass  through  places  with  equal 
air  pressure.  The  barometric  reading?  (20.8,  30.1,  etc.)  are  all  reduced 
to  sea  level ;  that  is,  made  to  read  as  they  would  if  the  station  were  at 

Thus  the  weather  maps,  besides  describing  the  weather  conditions 
and  predicting  for  the  next  day,  contain  a  lat^e  amount  of  information 
concerning  the  weather  of  different  sections.  A  study  of  the  maps  on 
several  successive  days  will  make  their  meaning  plain,  and  will  illustrate 
many  points  discussed  in  the  book. 

Sets  of  maps  suitable  for  the  work  suggested  below  are  easily  obtained 
by  keeping  the  maps  tor  a  year  or  two.  Out  of  date  sets  may  possibly  be 
obtained  from  the  Weather  Bureau.  Or  the  teacher  could  make  large 
wall  maps  for  class  use,  selecting  typical  nets,  and  sketching  the  weather 
conditions  on  a  large  outline  map  of  United  States. 

SuGOESTiosa.  —  (1)  Study  a  weather  map  to  understand  its  meaning. 
Which  isotherm  passes  nearest  your  home?  What  other  places  have  the 
same  temperature?  What  is  the  air  pressure?  What  other  places  are 
on  the  same  isobar?  Is  the  weather  at  your  homeclear,  cloudy,  or  rainy? 
What  is  the  wind  direction?    How  do  these  facts  compare  with  your 
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own  obserrations  the  previousi  day?  Stud;  the  weather  maps  for  the 
next  two  days.  What  differeiicea  are  noticed?  Do  you  find  any  eipla- 
nationV  (2)  Select  weather  maps  to  illustrate  a,  typical  storm.  Have 
each  student  make  a  copy  of  it  on  a  blank  map  of  United  States.  Have 
them  tell  in  what  parts  the  pressure  ia  low,  aod  where  high.  Shade  between 
the  iaobarB.  Shade  on  the  map  the  rainy  or  snowy  sections.  With 
another  colored  pencil,  mark  the  cloudy  areas.  What  is  the  direction  of 
the  winds  in  the  different  areas  1  What  part  of  the  storm  area  is  warm- 
est? What  part  coolest?  What  ia  the  direction  of  the  wind  in  each 
case  ?  Can  you  find  an  explanation  of  any  of  the  facta  observed  ?  (3)  In 
the  same  way,  study  the  weather  maps  for  the  next  three  days.  Writo 
a  statement  of  the  changes  that  have  occurred.  On  an  outline  map 
draw  the  path  followed  by  the  stonn  center.  Select  some  place  on  the 
map,  and  have  the  students  describe  the  weather  changes  —  pressuiie, 
temperature,  wind,  and  rain  —  for  the  four  days.  (4)  In  the  same  way 
study  a  set  of  maps  in  which  a  typical  high  pressure  area,  or  anticyclone, 
passes  across  the  country.  (5)  On  an  outline  map  plot  around  the  same 
central  point  the  winds  of  three  well-defined  storms.  Also  three  anti- 
cyclones. What  about  their  direction  ?  (6)  Give  to  each  student  a  map 
with  a  well-defined  storm,  and  have  him  t«ll  what  he  thinks  the  weather 
conditions  were  the  day  before,  and  what  they  were  the  next  day.  First 
remove  the  predictions  from  the  map.  After  the  predictions  have  been 
written  down,  show  the  actual  maps.  This  practice  may  be  continued 
until  the  class  becomes  fairly  proficient  in  predictions.  Toward  the  end 
of  these  exercises  have  the  students  sketch  their  predictions  on  outline 
maps;  that  is,  upon  the  basis  of  their  study  of  a  map  for  a  given  day,  let 
them  make  a  weather  map  of  the  previnus  and  succeeding  days.  Care 
should  be  taken  to  select  well-defined  storms  that  move  regularly,  other- 
wise the  results  may  be  poor.  (7)  Give  out  problems;  many  will  be 
suggested  by  a  study  of  a  series  of  weather  maps.  For  example,  given 
a  well-defined  low  at  Chicago,  tempei'ature  34,5°;  is  it  clear  or  rainy? 
la  the  temperature  probably  higher  or  lower  at  Minneapolis?  At  In- 
dianapolis? On  a  sketch  map  of  United  States  indicate  the  area  of 
probable  snow.  Of  rain.  What  will  the  weather  probably  be  next  day 
at  Chicago?  At  Cleveland?  (8)  Upon  the  basis  of  observations  with 
instruments  in  the  school  mate  weather  predictions.  (9)  Each  day  give 
the  weather  map  to  one  of  the  students,  and  let  him  report  the  facts  of 
barometer,  temperature,  position  of  highs  and  lows,  etc. ;  or,  better, 
sketch  them  on  an  outline  map  fur  the  class  to  see.  Then  call  for 
predictions  from  the  class,  and  have  them  give  their  reasons.  Then 
read  the  prediction  on  the  map.  Next  day  call  for  a  statement  of  how 
nearly  correct  the  prediction  was. 
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Vakious  methods  are  employed  to  represent  the  surface  of  the 
earth  by  maps.  Among  these  are  relief  maps,  hachure  maps,  and 
contour  maps,  all  of  much  value  in  a  study  of  physical  geography. 

1.  Relief  Hapa  ot  HodelB. — Ordinary  maps  are  flat;  and  the 
usual  political  map  makes  little  attempt  to  represent  relief.  Yet 
by  shading,  or  by  color,  some  are  made  to  indicate  the  general 
distribution  of  highlands  and  lowlands.  A  far  better  means  of 
representing  a  country  is  by  relief  map,  or  model,  in  which  the 
surface  is  actually  raised  to  represent  irregularities  of  the  land. 

Owing  to  the  small  size  of  such  maps,  it  is  usually  necessary  to 
exaggerate  the  vertical,  that  is,  make  the  scale  of  elevation,  or 
vertical  scale,  different  from  the  horizontal  Scale.  Thus  one  inch 
vertically  may  represent  1000  feet,  while  in  the  horizontal  scale 
an  inch  represents  10,000  or  even  20,000  feet.  To  avoid  wrong 
impressions  from  the  use  of  such  maps,  care  should  be  UBcd  to 
understand  and  make  allowance  for  this  exaggeration. 

The  great  expense  of  making  relief  maps  prevents  their  use  in 
most  school  laboratories.  Figures  2^26, 114,  460,  461,  464,  476, 
477,  and  485  are  photographs  of  such  models. 

2.  Hachure  Htqw. — The  United  States  Coast  Survey  and  the  sur- 
veys of  manyEuropean  countries  make  use  of  ftocAur^s  to  represent 
irregularities  of  the  surface  of  small  sections.  A  hachure  map  is 
one  in  which  the  relief  is  brought  out  by  shading,  through  the  use 
of  lines  drawn  more  or  less  closely  together,  and  all  pointing  in 
the  direction  of  the  slope  (Fig.  562).  Such  a  map  is  very  graphic, 
and  exceedingly  useful  in  a  study  of  the  general  form  of  the  land. 
For  some  purposes  its  usefulness  is  lessened  by  the  fact  that, 
though  it  clearly  brings  out  differences  in  elevation  between 
adjoining  regions,  it  does  not  tell  the  advai  elevations. 

S.  Contour  Haps.  —  The  fact  last  mentioned  has  led  other  sur- 
veys, for  example  the  U.  S.  Geological  Survey,  to  adopt  contonr 
tinea,  or  lines  passing  through  places  of  equal  elevation. 
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Imagine  a  rather  irregular  beach  at  low  tide  when  there  are  no 
waves.  The  water  marks  a  contour  line,  and  extends  up  the 
depressions,  or  valleys,  in  the  sand.  Thia  may  be  called  the  0 
contour;  if  the  tide  rises  five  feet,  a  new  contour  is  marked  five 
feet  above  the  other.    This  might  be  called  the  five-foot  contour. 

In  making  contour  maps,  sea  level  is  reckoned  as  0,  and  each 
contour  passes  through  all  places  on  the  map  that  are  at  the  same 
level  above  aea;  that  is,  places  which  the  sea  would  touch  if  it 
rose  that  high.  Every  place  through  which  the  100-foot  contour 
passes  is  Just  100  feet  above  sea  level.  On  such  maps,  therefore, 
it  is  possible  to  tell  the  elevation  of  every  place.  Contour  maps 
do  not  express  relief  bo  graphically  as  hachure  maps,  but,  with  a 
little  study,  one  learns  to  quickly  interpret  fi-om  them  the  forma  of 
the  land.  Fl^ns  have  few  contours,  far  apart ;  gorges  have  many, 
close  together ;  rounded  hills  have  contours  of  different  shape  from 
those  on  steep-sided  hills,  etc  Figures  78,  82, 121, 131, 137, 145, 
192,  and  193  are  contour  maps. 

On  the  U.  S.  Geological  Survey  maps  the  horizontal  scale  is 
usually  about  one  inch  to  the  mile.  The  vertical  scale,  or  cmttour 
interval,  is  usually  20  feet ;  that  is,  a  contour  is  drawn  for  every 
20  feet  of  elevation.  Therefore,  the  vertical  distance,  or  interval, 
between  two  contours  is  20  feet.  In  sparsely  settled  or  moun- 
tainous regions  a  contour  interval  of  100  feet  is  often  chosen. 

SuOGESTiOMB.  —  fl)  Find  out  if  the  U.  S.  Geological  Survey  (Wash- 
ington, D.  C.)  has  iMued  a  contour  map  of  your  vicinity.  If  ao,  get  a  copy 
(cost  5  cents),  mount  it  (p.  437),  and  carry  it  on  your  walks  or  bicycle 
rides.  You  will  find  it  ot  great  service,  (2)  Let  the  class  have  practice 
in  making  simple  contour  sketches;  for  example,  have  them  make  con- 
tonis  to  show  a  round  hill,  a  long  hill,  a  hill  steep  on  one  end,  two  hills 
and  a  valley,  abroad  vatlej,  a  gorge,  etc.  Also  draw  simple  contour 
sketches  on  the  board  (for  example,  a  round  hill),  and  have  the  class 
makecross  sections  of  them;  that  is,  sections  to  show  tlie  profile  as  if  the 
hill  were  sliced  through.  Keep  the  class  at  this  work  until  they  under- 
stand how  to  do  quickly  what  is  given.  (3)  From  some  model  select  a 
section,  and  have  the  class  sketch  a  contour  map  of  it.  (4)  Obtain  a 
series  of  contour  maps,  and  have  the  class  make  cross  sections  along 
lines  drawn  on  the  map  hy  the  teacher.  To  make  these  sections,  first 
draw  a  line  on  the  paper  equal  in  length  to  the  line  on  the  map.  Then, 
for  the  vertical  scale,  draw,  parallel  to  this,  other  lines  fg  inch  apart. 
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Let  the  distance  between  two  of  these  lines  represent  30  feet.  Then 
proceed  to  draw  the  profile.  (5)  After  some  practice  iii  cross-section  iug, 
select  a  series  oC  maps  and  assign  to  each  student  part  or  all  of  a  map 
to  define  the  topi^rapby  in  words.  This  may  well  be  followed  Yiy  other 
maps.  (6)  The  teacher  may,  possibly,  deem  it  worth  while  to  have  the 
class  make  a'map  of  a  small  area.  With  a  tape  line,  an  aneroid  barom- 
eter, a  level,  and  a  compass,  a  rough  map  niay  easily  be  made.  (7)  If  the 
teacher  would  each  year  have  a  model  made  by  the  class,  the  school  would 
soon  accumulate  a  valuable  equipment.  It  is  not  very  difficult  to  make 
a  model.  For  the  first  one  start  with  a  simple  region  —  say  the  Marion, 
Iowa,  sheet.  Find  Che  lowest  contour  ou  the  sheet  and  transfer  it  to 
tracing  paper,  then  to  a  thin  cardboard  sheet  the  size  of  the  map.  Then 
cut  the  cardboard  along  the  line.  Tack  it  to  a  board,  or  thick  cardboard, 
the  size  of  the  map.  Do  the  same  for  the  next  highest  contour,  and  tadc 
this  to  the  first  Continue  until  there  is  a  pile  of  cardboards,  one  for 
each  contour.  Divided  among  many,  this  is  not  a  very  difficult  task. 
With  molding  wax,  smooth  the  surface  so  that  no  cardlioard  edges  ap- 
pear. After  one  or  two  trials  a  very  satisfactory  model  will  be  made. 
On  more  complex  sheets  it  is  not  necessary  to  trace  every  contour.  An 
interesting  model  may  be  made  by  stai'ting  with  a  large  number  of  sheets 
of  the  same  map  and,  instead  of  tracing  the  contours,  cut  the  map  itself, 
and  paste  sheet  on  sheet  until  each  contour  is  represented.  To  cut  the 
sheets  with  an  even  ei^e,  lay  the  map  on  a  sheet  of  glass  or  zinc  and  cut 
it  with  a  sharp  knife. 

Beference  Book.  —  Gannett,  Manual  of  Topographic  Methods,  Mono- 
graph XXIV,  U.  S.  Geological  Survey,  Washiugton,  D.C.  1893,  fl.OO. 
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APPENDIX  J.      LABORATORY  EQUIPMENT. 

1.  Models.  —  E.  E.  Hoirdl  (612  17th  St,  N.W.,  Washington,  D.C.) 
has  a  DUQiber  of  inodulu  of  great  value  in  laboratory  vork.  He  also 
offers  for  sale  large  photographs  of  these.  Catalogue  sent  on  applica- 
tion, G.  C.  Curtis  (64  Crawford  St.,  Boston,  Mass.)  has  a  set  of  three 
excellent  geographical  models  (giiiciera,  volcanoes,  and  teacoasi).  The  Har- 
vard Geographical  Models,  a  set  of  three,  are  sold  by  Ginn  &  Co.,  Boaton, 
for  IflG  a,  set.  These  last  twu  seta  should  be  in  every  laboratory  of 
physical  geography.  The  Jones  model  of  the  earth  b  very  valuable  (coat 
$50,  A.  H.  Andrews  &  Co.,  Chicago).  For  construction  of  models 
from  topographic  maps,  see  page  430. 

2.  Slaps.  —  The  ffi>/i«-i  and  the  Hahenicht  j-S^rfowreliet  maps  of  conti- 
nents and  parts  of  Europe  are  the  best  maps  of  this  nature.  The  various 
government  bureaus  (see  below)  will  on  application  send  catalogues  of 
their  maps,  from  which  the  teacher  may  select  those  desired.  The  fol- 
lowing lists  have  been  carefully  prepared  to  secure  representative  maps 
of  various  phenomena,  and  they  may  serve  as  the  nucleus  of  a  map  col- 
lection for  laboratory  use.  For  further  suggestions,  see  pamphlet  by 
Davis,  KrHa,  and  Collie,  The  Use  nf  Gorernmenlal  Mapn  in  Schools 
(Henry  Holt  &  Co.,  New  York,  ISM,  $0.30)  ;  also  Davib,  Journal  of 
Geology,  Vol.  IV,  1896,  p.  484.  Foreign  maps  may  be  imported  through 
G.  E.  Stechert  (0  East  16th  St,  New  York). 

The  entire  l.'nit«d  States  coast  is  charted  by  the  U-  S.  Coa.'it  Survey, 
and  many  parts  of  the  country  are  mapped  by  the  U.  S.  Geological  Sur- 
vey. All  of  N'ew  Jersey,  Mass.ichusetts,  Connecticut,  Rhode  Island,  and 
most  of  New  York  are  now  mapped,  as  well  as  poi-tions  of  each  of  the 
other  states.  The  (5eo!<^ical  Survey  topographic  sheets  may  lie  ordered 
for  tO.Oo  each,  or  at  the  rate  of  10.02  a  sheet  if  100  or  more  are  ordered. 
Money  must  be  sent  by  money  order  in  advance.  The  Geological  Sui^ 
vey  also  issues  special  maps,  for  example  a  series  of  different  scale  maps 
of  United  States;  also  geological  folios,  —  perlini>s  of  your  district 

Each  school  should  have  sets  of  the  United  Stales  Geological  Suney 
Physiographic  Folios,  especially  the  first  two.  They  contain  selected 
maps,  with  description,  to  illn.'itrate  physiographic  types.  Folios  1  and 
2  cost  tO.25  each ;  No.  3,  t0.50. 
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3.  Dm  of  Topographic  Maps.  —  The  uae  made  of  topographic  sbeete 
will  TBrj  with  the  teacher,  the  titne  available,  and  the  number  and 
variety  of  sheets  at  hand.  The  followii^  is  the  method  adopted  by  one 
teacher,  who  has  all  the  maps  he  needs,  both  American  and  foreign. 
After  the  Btudenta  become  familiar  with  the  meaning  and  use  of  topo- 
graphic maps  (p.  429),  a  topic  is  chosen  for  a  laboraUiiy  period,  saj 
glacial  action,  or  one  phase  of  it,  and  typical  mapa  (combined  sheets >> 
illustrating  the  phenomena  are  hung  about  the  room  to  be  studied  Mid 
interpreted,  careful  notes  being  taken.  At  the  close  of  the  period  a 
review  quiz  ia  held  by  the  teacher,  with  the  object  of  correlating  obser- 
vations and  bringing  out  points  whose  full  eiguificance  may  not  have 
been  apparent  to  the  students.  The  lesson  is  definitely  correlated  with 
the  teTt-book  work,  and  geaeraljy  covers  atopic  then  being  studied. 

In  addition  to  the  wall  maps,  sicigle  sheets  are  placed  in  the  hands  of 
each  student,  each  sheet  clearly  illustrating  some  one  phase  of  the  topic 
chosen.  This  illustration  the  student  must  discover  by  observation. 
Tbe  study  proceeds  somewhat  as  follows:  (1)  Location:  (a)  latitude; 
(6)  longitude;  (c)  position  on  United  States  contour  map;  (d)  physio- 
graphic relationships  (t.«.  on  coastal  plain,  in  Adiroiidacks,  etc.).  (2) 
Central phijuiography :  (a)  highest  elevation ;  (ft)  lowest  section ;  (e)  direc- 
tion of  rivers ;  (J)  abundance  or  scarcity  of  tributaries ;  (e)  hutiiid  or  arid 
region;  (/)  form  of  valleys;  {g)  slopes;  (A)  nature  of  divides;  (0 
direction  of  roads ;  {}')  influence  of  physiography  on  roada,  railways, 
and  settlement.  (3)  Specific poinU  (for  example, on  Elmini,  N.Y.,8heet)  : 
(a)  find  raorninic  hills  near  Lower  Pine  Valley  —  the  ice  front  stood 
there ;  (ft)  describe  the  valley  south  to  Elmira  and  southwest  to  East 
Corning ;  (c)  measure  its  width  and  compare  with  that  occupied  by  the 
Chemung  River  west  of  Elmira;  ((/)  what  is  a  wash  plain  (see  text- 
book)? («)  could  this  be  a  wash  plain?  If  so,  what  change  has  it 
caused  in  the  depth  of  the  valley?  Would  it  account  for  the  broad,  flat- 
bottomed  valley  followed  by  the  railroad?  Might  it  have  raised  the 
valley  bottom  so  high  that  the  Chemung  could  not  follow  its  former 
course  via  HorsehendsV     This  is  what  has  happened. 

The  Buliject  can  be  developed  formally  by  mimeographing  questions, 
or  putting  thetn  on  the  blackboard;  or,  better,  if  the  class  is  not  too 
lar^e,  by  giving  general  directions,  then  asking  specific  questions,  eilJier 
of  the  class  as  a  whole  or  of  individuals.  Work  done  on  individual 
sheeLs  is  included  in  the  review  at  the  end  of  the  exercise. 

By  the  above  method,  when  plains  are  studied  laboratory  exercises 
may  accoinpany  the  recitation  work;  the  same  with  shore  lines,  lakes, 
mountains,  etc.  The  student  should  not  be  allowed  to  be  diverted  by 
other  phenomena  than  those  directly  bearing  on  the  topic.    The  same 
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map  ma;  oftan  be  osed  in  several  periods  to  illustrate  difFerent  phe- 
nomena. Id  this  work  the  student  is  expected  to  look  for  comparisons 
aad  contrasts ;  for  example,  under  "  Plains,"  compare  and  contrast  the 
Fargo,  N.D.,  Kaibab,  Ariz.,  and  Palmyra,  N.Y.,  sheets. 

Another  method  used  is  to  study  a  sheet  to  detect  aU  pheuomena 
represented ;  but  this  lacks  many  of  the  advantages  of  a  study  by  topics. 
In  the  absence  of  a  r^ular  laboratory  manual,  it  is  necessary  for 
teachers  to  develop  their  own  metliods,  and  this  Appendix  is  merely  a 
hint  as  to  one  direction  in  which  this  may  be  done.  It  calls  for  sacrifice 
of  time  and  energy  on  the  part  of  the  teacher ;  but  all  who  are  willing  to 
make  this  sacrifice  will  be  abundantly  repaid  by  the  improved  work  and 
greater  interest  of  the  class.  Even  if  formal  laboratory  work  is  not  given, 
the  maps  are  of  great  use  as  illustrations  of  the  text. 

4,  <taM  Hondrad  Selected  Sheets,  Doited  States  Geological  Stnvey,  Topo- 
graphic Hap.  —  Theae  maps  should  be  pnrchaterl  by  the  hundred  (92  a 
hundred) ;  and  it  is  desirable  to  provide  enough  sets  for  each  student 
in  the  laboratory  to  have  a  copy  of  each,  or,  at  least,  to  provide  one  for 
every  two  students.    They  should  be  mounted  (p.  437). 

(1)  GlaitboTo,  N.J.;  (2)  Leonardtovn,  Md. ;  (3)  Pt.  Lookout,  Md.; 
(4)  Fargo,  NJ}.;  (5)  Hamlin,  N.Y.;  (6)  Marion,  Iowa;  (7)  Wichita, 
Kan.;  (S)  Batiir,  Mo.;  (0)  Marshall,  Ark.;  (10)  Lamar,  Colo.; 
(11)  BrawnvKiod,  Ttx.;  (12)  Coleman,  Tex.;  (13)  Higl^e,  Colo. ;  (H)  Kai- 
606,  Aril.;  (15)  Walroii$,  N.M. ;  (16)  Boite,  It/aho;  (17)  Modoe 
Lava  Bed,  Col.;  (IS)  Elmira,N.Y.;  (19)  Kaaterskill.  N.Y.;  (20)  Gainei, 
Pa.;  (21)  Briceville,  Tenn. ;  (22)  ScoUaboru,  Ala.;  (23)  SalyerBmlle, 
Ky.;  (24)  Huntington,  W.  Va.;  (25)  PikeMlt,  Tenn.;  (26)  Biiuka, 
Idaho;  (27)  Great  FalU,  Mont.;  (28)  St.  Paul,  Minn.;  (29)  Palo 
Pinto,  Tex.;  (30)  Delaware  Water  Gap,  Pa.;  (31)  West  Point,  N.Y. ; 
(32)  Jefferson  City,  Mo.;  (33)  Junction  City,  Kan.;  (34)  Kearney, 
Neb.;  (35)  Lexington,  Neb. ;  (30)  Donaldnonviile,  La.;  (37)  Point  a  la 
Hache,  La.;  (38)  Cohoes,  N.Y.;  (30)  Springfield,  Mats.;  (40)  Allurai, 
Cat.;  (41)  Pikes  Peak,  Colo.;  (42)  Telluride,  Colo.;  (43)  Platte  Can- 
yon, Colo.;  (44)  Huerfano  Park,  Colo.;  (4.'j)  Livingston,  Mont.;  (46)  Ml. 
Washington,  N.H.;  (47)  Beckef,  Mass.;  (48)  Monadnock,  N.H.; 
(49)  Hartford,  Conn.;  (.W)  Mt.  Marcy,  N.Y.:  (51)  Monterey,  Va. ; 
(52)  Fm  Payne,  Ala.;  (5.S)  Estillrille,  Ky. ;  (54)  Franklin,  W.  Va.; 
(55)  Masnardfilte,  Tenn. ;  (56)  Hadeton,  Pa.  ;  (57)  Lykent,  Pa. ; 
(58)  Atlanta,  Ga.;  (50)  Lassen  Peak,  Col.;  (60)  Shasta,  Cat.;  (61)  Mt. 
Taslor,If.M.;  (62)  MaryspHle,  Cal.;  (63)  Ashland,  Ore.;  (64)  Henry 
Mountains,  Utah ;  (65)  Sierraeitle,  Cal. ;  (66)  Disaster,  Nev. ;  (67)  Para- 
dise, Nev. ;  (68)  Granite  Range,  Neo. ;  (69)  Tooe/e  Valley,  Utah ;  (70)  Salt 
LSke,    Utah;   (71)  Booi^My,  Me.;  (72)  Coos  Bay,  Ore.;  (73)  StattU, 
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WaA.;  (74)  San  FTancaeo,  Cat.;  (75)  New  Haven,  Conn. ;  (76)  Brook- 
lyn, N.y.;  (77)  CharUglovm,  R.I.;  (78)  Neio  London,  Conn.; 
(79)  Dululh,  Minn.;  (80)  Pulaski,  N.Y.:  (81)  Marlhas  Vineyard, 
Mass.;  (82)  Ailanlic  City,  NJ.;  (83)  Bamegat,  NJ.;  (84)  Sandy 
Hook,  NJ.;  (85)  Bos/on  Bay,  Maw.;  (86)  Mt.  Lytll,  Cat.; 
(87)  Minneaiioli»,  Minn. ;  (88)  Plymnulh,  Ma>». ;  (89)  Slonington,  Crmn. ; 
\m)  BaMidntrille,  N.Y.;  (91)  Newcomb,  N.Y.;  (92)  Elizabelhiown,  N.  Y. ; 
(93)  Plaimburg,  N.Y. ;  (94)  SianeoWes,  A^.  K ;  (95)  Oeid,N.Y.;  (96) 
£ocon,  /«.;  (97)  OHatPO,  /«.;  (98)  Walertoam,  Wis.;  (99)  ITeed*- 
port,  N.Y. ;    (100)   Osioego,  N.Y. 

The  following  inuat  be  ordered  m  Special  Sheel*:  (A)  Norfolk  Special, 
#0.10;  (B)  JVeio  Kort  Ci/j(  anf/  KtfJni/j  Special,  #0.25;  (C)  Eochetler 
Special,  Vi.lO;  (D)  Niagara  Hicer  and  Vicinity  Special,  »0.10;  (K)  Si. 
Lottit  and  Vicinily  Special,  tO.lO ;    (F)  Crater  Lake  Special,  90-05. 

The  following  clas^Ged  list  calla  attenLioa  to  some  of  the  principal 
features  i)lustr>it«d  on  the  above  maps.    The  teacher  will  find  others. 

Coattal  Plain,  1-3,  82,  83,  A ;  Lake  Plains  ( IVesl},  58,  65-70;  Lake 
Plains  (Lake  Agassiz'),  4  ;  Lake  Plains  (Onlario),  5,  C,  D;  Laoa  Plains 
(Plateaus,  West).  18,  17,  26,  81;  Central  Plains,  6,8,32,96,97;  Great 
Plains  (nuire  or  less  dissected),  7,  10,  12,  27,  20,  33,  35;  Dissected  Arid 
Plateau,  13,  14,  15,  81 ;  Escarpments,  14,  D ;  Mews,  11,  13,  14,  15,  61 ; 
Buttes,  12,  13,  28;  Desert,  66-70;  Desert  Sand  Dunes,  66,  67;  Dissected 
Moist  Plateaus,  9,  18s  23,  25,  94,  95;  Catskills,  19;  Immature  Drainage,  1, 
88,  A  ;  Post-glacial  Young  Streams,  28, 38,  94, 95, 96,  C,  D ;  Young  Valleys, 
9,  13,  26,  27,  49;  Waterfalls,  27,  C,  I);  Canyons,  13, 14,  16,  28;  Mountain 
Gorges,  43,  45;  Water  Gaps,  30,  31,  61,  52,57;  Mature  Foifey*,  18-24, 
38,  39,  47-58,  75,  84,  85;  .Arid  Land  Drainage,  l;t-16,  40,  65-70;  Allu- 
vial  Fans,  45,  65 ;  Hieer-made  Plains,  80,  82 ;  Braided  Course,  34,  35,  66 ; 
Floodplains,  8,  9,  32,  34,  35.  87,  96,  87,  E ;  Bluffs,  32,  35,  K  ;  Leree,  36 ; 
Crerasse,  38;  Meanders,  8,  32,  33,  62,  53,  55,  K;  Jnlrencked  Meanders,  23, 
28;  Detta,SS;  Terracea,  38,  39,  49,86;  Brie  Canal,  M;  Irrigation,  10,  70 ; 
Basin  Ranges,  iO;  Coast  Ranges,  60,  72,7 i;  Sierra  Nenada,6o;  Rockg 
Mountains,  41-45;  Appalachians,  21,  2.5,  30,51-57;  Adirondacks,  50,  81, 
82;  New  England  Mountains,  i4-i9, 75,77;  Piedmont,  5S;  Young  Moun- 
tains, 40-45,  60,  65,  72,  74;  Mountains  (early  maturiig),  46;  Mature  Moun- 
taino, 30,  31,  39,  47,  57,  71,  75,  77,  78,  89,  91-98 ;  Mountain  Ridges,  51-57; 
Old  Mountains,  58,  85 ;  Peneplain,  58 ;  Monmlnocts,  48,  58 ;  Volcanoes,  59- 
82,  F;  Laccolitea,  61;  Trap  Ridges,  39,75;  Palisades,  B;  Glaciers.  60; 
Cirques,  86 ;  Moraines,  76, 77, 81 ,  87-89;  Wash  Plains,  18, 78, 77, 81 ;  Moraine 
Kettles.  88;  Karnes  (Pinnacle  Hills),  C;  Drumlins,  48,  8.i,  80,  88-100; 
Glacial  Lake  Orerfow  Channels,  90,  96,  97,  88 ;  Lake  on  Coastal  Plain,  A ; 
Delta  Lakes,  H7  i  Oz-frow  laitet,  8, 33,  £ ;  Volcanic  Lakes,  59;  Crater  Lafts, 
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59,  63,  F ;  Glacial  Lakes  and  Swamps,  31, 45,  47,  48, 50,  77,  78,  85-94,  98- 
100;  LaktChamplain,^3;  Finger  Lakes,  M,»a\  Coaslal  Plain  Stoamps,!, 
A  i  Hirer  Saamps,  1,  62,  87,  9",  A ;  Delta  Snmmps.  3B,  37  ;  Lake  Stoamps^ 
80,  B8, 100,  C  ;  Alkali  Flats  and  I'layas,  6o,  66, 88  ;  Drowned  Coaslal  Plain, 
2,  S,  83,  84,  A ;  Drowned  Coust,  71-78,  81,  83,  89,  B ;  Drotnned  Lake 
Coail,  79,  80,  93,  100,  C  ;  Harbors,  73^75,  78,  79,  A,  B ;  Waire-cul  Cliffs, 
84,  100;  Wave-cut  Islands,  So;  Beaches,  T2 ;  Tied  Islands,  85;  Bars, 
shutting  in  Bays,  Tl,  79-81,  85,  100,  C ;  Sand  Bai^,  76,  78,  81,  88,  8B ; 
Hooks,  84 ;  Sand  Dunes,  7i,  83,  84 ;  Offshore  Bars,  inclosing  Lagoons,  82- 
84.  A ;  Sail  Marshes,  74-76,  78,  82,  85,  89,  A,  B. 

5.  Thiity-flve  Grooped  Sheets.  —  The  folloving  groups  of  sheets  are 
teleeted  for  mounting  to  make  large  maps  (see  directions  below).  Each 
group  iUustvates  well  at  lenst  one  plieiioinenon,  and  a  number  illustrate 
eeveraL  In  addition,  ttiey  all  contain  many  important  details  worthy  of 
Btudy.  It  would  also  b«  desirable  to  eecnre  and  mount  in  a  large  map  all 
the  sheeta  in  the  vicinity  of  the  home  region.  Nearly  all  of  these  sheets 
could  be  used  singly  if  mounting  in  groups  seems  too  difficult 

1.  Colorado  Kiver  and  Vicinity  —  illustrathig  plateaus,  mesas, 
bnttea,  canyons,  volcanoeR,  ariddrsin^ie,  thefollowingsheets:  (Pioche,St. 
George,  Kanab,  Escalnnle,  Henry  Mnuntairis,  Utah,  Marsh  Pass,  Echo  Cliffs, 
Kaihah,  Ml.  Trumbull,  St.  Tliomaa,  Camp  Mohave,  Diamond  Creek,  China, 
San  Francisco  Mt.,  Tusayan,  Axiz.).  2.  Overburoenkd  Platte  Rivkr 
—  also  Great  Plains  (Kearney,  Wood  Rirer,  Grand  Island,  Heb.).  3. 
Sahk  —  (Minden,  Kenesaw,  Heb.),  4.  CONSECTicnT  Vai.lev  —  bor- 
dering upland,  lowland,  trap  ridges,  terrnces,  ox-bow  lake  (Greenfield, 
Waratick,  Northampton, Belchertown,  Springfield,  Palmer,  Hasi.).  5.  Rivkr 
Floodplain  and  Measdeua  —  also  Great  Plains  (Kansas  City,  Oska- 
loosa,  Olathe,  Lamence,  Ktji.).  6.  Mwbissippi  Delta  (K'eW  iJei(a,£(w( 
Delta,!*.).  7.  Mississippi  Oelta  and  Floodplais — also  location  of 
New  Orleans  (Bonnet  Carre,  Spanish  Fort,  Chef  Menteur,  Rigolets,  Toalme, 
Bodreau,  Shell  Beach,  Si.  Bernard,  Nets  Orleans,  Hahnaille,  La  For- 
tuna,  Deine,  Point  a  la  Hache,  Baralaria,  Cat  Off,  Forls,  Quarantine,  Ft. 
Livingston,  Creole,  Late  Fellcily,  La.).  8.  Alluvial  Fan's — arid  region 
(Pomona,  Cucamonga,  San  Bernardino,  Cal.).  9.  Coastal  Plain  — 
also  shore  line.i,  bars,  marah,  etc.  (Borden.'oirn,  Cassrille,  Asbury  Part, 
Pemhertim,  Whiling,  Barnegnl,  N.J.).  10.  Coastal  Plain  —  drowned, 
Bwampy  (Prince  Frederick,  Brnndywine,  Wicomico,  Leonardloicn,  Hd.}. 
11.  Coastal  Plain  —  young  drainage,  lakes,  and  swamps  (Willitlon, 
Citra,  Dmnellon,  Ocnla  Isalti,  Aporka,  Puna  Sofftee,  Fla.).  12.  Lake 
Plain  —  bed  of  Lake  Aga.ssiz  (Fiirgo,  Casseliun,  N.D.).  13.  Great 
Plains  (Wichita,  Cheney, Kingman,  Wellington,  Caldiceli,  Anthony,  Kan.). 
14.  Matl'relv  Dissected  Plateau  (Salgersville,  Prestonsburg,  Hatard, 
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Whitetburg,  Z.J.).  15.  Samk  (^Huntington,  CkatifSlon,  Kanmoha  Falli, 
Warfield,  Oetana,  Raleigh,  W.  V».)-  19.  Maturk  Mouhtainb  asd  Pla- 
teau (ChaUannnga,  Seioante,  Ringgolt,  Slevemon,  Tenn.}.  17.  Disskcted 
Arid  Land  Plateau  —  canyons,  mesas,  buttes,  etc.  (Higbee,  Tintpat, 
ApUhnpa,  Ml.  Carrizo,  Mesa  de  Maya,  El  Mora,  Colo,).  13.  Mesas, 
Buttes,  Volcanoes,  Akid  Drainage  (Wingate,  Mi.    Taglnr,  IT.ll.). 

19.  Appalachian  Kiuoes  —  Susquehanna,  water  gaps,  broad  valleys,  etc. 
(Sunfiury,  Shamokin,  Millerahurg,  Lgkens,  Harritburg,  Haminelttoam,  P»-). 

20.  80UTUEKN  AppALAcmAS8(Gree/ieriWe, /{(wn  Ml.,  AihvUU,  JUC.  Milck- 
ell,  M.C.).  21.  Southern  Appalachians  (^Slaunton,  Morttereg,  Iluiilert- 
tittt,  Lexington,  Natural  Bridge,  ietcisfcury,  Va.,  W.Va.).  22,  Mountain 
K1DOE8  —  river  nienDders,  Shenandoah  valley  [Harpers  Ferrg,  Wineht*ter, 
Jtomney,  Warrenlon,  Lurag,  Waoditoek,  Va.).  23.  New  England  Moun- 
tains—  even-topped  upland,  Monadnock  (^Pelerboro,  Monadnock,  Ktene, 
H.H.,  Fitckbarg,  WinclieTidon,  Warwick,  Mass.).  24.  Adirondackb  — 
part  of  Lake  Champlain,  glacial  lakes  (Lake  Placid,  Ausdble,  WiUtboro, 
ill.  Marcg,  EltmbethioiBn,  Port  Henry,  Schroon  Lake,  Paradox  Lake,  Ticon- 
deroga,  H.Y.).  25.  Appalachians  and  Virginia  Piedmont  (^Goock- 
land,  Palmyra,  Buckingham,  Amelia,  Farmville,  Ajyotnattox,  V*.).  26. 
Piedmont  and  Coastal  Plain  ^location  of  Philadelphia  {Germantoan, 
Norrisloum,  Chester,  Philadelphia,  Pa.).  27.  Drl'muns  —  glacial  lakes, 
cities  on  river  with  rapids  due  to  glacial  action,  also  beaches  aud  salt 
manhes  (^Haverhill,  Newburgport,  Lawrence,  Salem,  Mass.).  28.  Fikoeb 
Lakes  —  mature  plateau,  pwl-glacial  goi^es,  lake  deltas  [Genei:a,  Auburn, 
Skaneatelet,  Ovid,  Genoa,  Moraria,  Watkini,  Ithaca,  Dryden,  N.Y.). 
29.  Dkumlinb  —  drainage  interfered  with  by  drift,  overflow  channels, 
lake  shores  (Oswego,  Sodus  Bag,  Pultneyi-ille,  Weedspori,  Clyde,  Palmyra, 
Auburn,  Genera,  Pkelpt,  M.Y.).  30.  Drumli.vs- — glacial  lakes  aod 
swamps  (Madison,  Sun  Prairie,  Waterloo,  Wnlertown,  Evannnlle,  Sloughtoo, 
Koshkonoiig,  Whilemler,  Wis.).  31.  Drowned  Coast  (Gardiner,  Wi»- 
casiet,  Boothbay,  Bath,  Me.).  32.  Same  (Boolhbay,  Bath,  Freeport,  Gray, 
Smnll  Point,  Coico  Bay,  Portland,  Me.).  33.  Bays,— bars,  waTe.cut 
cliffs,  moraine,  wash  plain  (Marthas  Vineyard,  Gag  Head,  Mass.).  34. 
Cape  Cod  —  bars,  wave-cut  cliffs,  sand  dunes,  moraine,  morainic  lakes 
(Provincetown,  Welljleet,  Chatham,  Yai-mouth,  Barnstable,  Mass.).  35.  Yel- 
lowstone Park  (Gallatin,  Canyon,  Late,  Shashine,  Wy.). 

6.  Xbirty  Selected  Sheets,  United  States  Coast  Survey,  illastrating  Typi- 
cal Coast  Lines. —(Washington,  D.C.  SO.i'iflettch;  catalogue  tree;  order 
by  number.)  6  (General  ChnrI,  coaM  of  Maine  and  Maiuachuiieas)  ^ 
10.1.  101,  105,  lOe  (Maine  const,  more  detailed)  ;  108  (Coast  from  loutkem 
Maine  lo  Cape  Ann);  109  (Boston  Bay);  8  (Approaches  to  New  York, 
Gay  Head  to  Cape  Heniopen);  113  (Narragantea  Bay);  62  (Jfonfouft 
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Point  to  New  York,  with  Long  Itlattd  Sound) ;  119  (Southern  thore  of  Long 
Inland) ;  121,  122,  123  {New  Jersey  coast,  Sandy  Hook  to  Cape  May) ;  376 
i^Delatoare  and  ('heaapeake  bayi);  11  (Cape  Halterai  to  Cape  Romain); 
142  (^Cape  Hatteran) ;  147  (Cape  LoolotU)  ;  15  (SlraiU  of  Florida,  Coral 
See/t) ;  170  (Key  Weit  and  V'cinity,  Coral  Reefi)  ;  1007  (General  ChaH, 
Gulf  of  Mexico)  ;  188  (MobUe  Bay) ;  19  (Ml-aissippi  Delta  and  vicinity) ; 
194  (Mi»:<i»»ippi  Delta);  21  (Galventon  to  the  Rio  Grande);  212  (Bar 
from  Rio  Grande  northmard)  ;  5400,  5500  (California  coait) ;  3089,  8100 
(Droicned  Alatkan  coast). 

7.  Biverand  Lake  Hapi.  —  The  Mistitsippi  River  Commission  (St.  Louts), 
and  the  Missouri  River  Commission  (St.  Louin)  issue  charfa  of  theBa  rivera, 
of  which  the  following  are  especiallj  usefiil.  Map  of  Alluvial  Valley  of 
Miuittippi,  8  sheets  ($1  per  set)  ;  Upper  Mississippi,  4  sheets  (10.70  per  set) ; 
Mississippi,  Charts  8, 23, 35,  36,  38,  39,  52  of  the  map  on  acnle  of  1 :  20,000, 
showing  meanders,  oxbows,  etc.  ($0.26  per  sheet).  '  If  the  school  is  located 
on  tha  river,  the  sheets  of  that  vicinity  should  be  secured. 

Charts  of  the  Great  Lakes  (United  Stales  Engineer's  Office,  Detroit, 
Mich.)  illustrate  many  ahore-lioe  pheDomena.  Nos.  1,  5,  6 ;  also  Lake 
Ontario,  Niagara  Rii-er,  Lake  Erie,  and  Lake  St.  Clair  are  especially  valu- 
able. If  the  school  is  on  the  lakes,  mach  use  should  be  made  of  the  lake 
charts,  especially  those  near  by. 

8.  Moulting  Haps.  —  It  is  real  economy  to  have  sU  maps  backed  with 
cloth.  This  will  be  done  by  many  bookbinders,  or  it  can  be  done  in  tha 
ecboot,  using  a  thin,  bleached,  white  cotton  cloth  of  ordinary  width  for 
single  sheets;  extra  width  for  grouped  sheets.  Use  ordinary  flour  past«, 
which  costs  vei-y  little  if  purchased  from  a  paper  hanger.  For  success- 
ful map  mounting  have  a  smooth  surface  (a  large  drawing  hoard  or  table 
top)  on  wliiuh  to  tack  the  cloth.  Stretch  the  cloth  and  tack  it  firmly  on 
all  sides,  then  thoroughly  wet  it.  Apply  paste  to  the  back  of  the  map 
and  allow  it  to  lie  until  thoroughly  limp,  then  put  it  on  the  cloth,  which 
must  not  be  too  wet.  Carefully  press  the  map  to  the  cloth  with  a  piec« 
of  clean  cloth  or  a  photographic  roller.  Leave  until  thoroughly  diy  (at 
least  24  hours). 

Combined  sheets  must  first  be  trimmed,  leaving  on  alternate  sheets  a 
margin  of  J  inch  for  adjoining  sheets  to  overlap.  For  trimming,  to  secure 
an  even  cut,  place  the  map  on  a  sheet  of  zinc  (tacked  to  a  board),  and, 
witli  a  sharp  knife,  cut  along  a  metal  straightedge  placed  on  the  map. 
If  a  map  is  not  complete,  blank  spaces  may  be  filled  with  white  paper. 

Large  maps  should  be  rolled,  and  a  wood  turner  will  supply  rollers  at 
small  cost;  also  strips  for  the  top  of  the  map.  Curtain  rings  may  be 
screwed  into  the  wooden  strip  for  hanging  the  map,  which,  for  class  use, 
may  be  hung  to  brass  rods  (f  inch  in  diameter)  along  the  sides  of  th« 
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room.  A  curtain  hanger  will  make  hooks  to  hang  over  the  rods.  If 
rii^le  sheets  are  also  hung,  Denuisoii  gummed-clotii  snHpension  rings 
may  be  used. 

Single  sheets  are  best  kept  in  a  case  of  shallow  drawers,  using  care  not 
to  put  too  many  in  a  drawer,  for  they  are  then  difficult  to  handle.  Rolled 
maps  are  best  preserved  when  kept  in  a  case  with  shallow  partitions, 
allowing  the  rolled  map  to  lie  horizontally.  A  cabinet-maker  will  build 
a  combined  case  for  rolled  and  flat  maps. 

9.  Minerals  and  Rocks.  —  E.  E.  Hovrell,  612  17th  St,  N.W.,  Washing- 
ton, and  Ward'it  Natural  Science  Eslablishmenl,  Rochester,  N.Y.,  offer 
citeap  sets  of  minerals  and  rocks  suitable  for  laboratory  use  in  connec- 
tion with  Tarr's  Geology  or  Physical  Geography.  G.  B.  Fraur,  West 
Medford,  Mass.,  is  another  reliable  dealer. 

10.  Meteorological  Maps,  etc.  —  Application  should  be  made  to  have 
the  weather  map  sent  regvlarly  tn  the  school ;  and  duplicates  of  out  of  date 
mapfi  may  possibly  be  secured  on  application.  Meteorological  iustru- 
ments  (see  p.  420)  may  be  purchased  of  J.  P.  Fries,  Baltimore,  Md-,  or 
H.  J.  Green,  Brooklyn,  N.Y. 

11.  Lantern  Slides.  —  Various  firms  now  supply  lanterns  for  schools, 
the  most  satisfactory  being  electric  lanterns.  A  set  of  lantern  slides, 
selected  by  Prof.  W.  M.  Davis,  is  sold  by  E.  E.  Howell  (address  above)  ; 
7*.  H.  McAllinter  (49  Nassau  St.,  New  York)  has  a  series  of  geographical 
slides,  and  H.  W.  Fairiants  (Berkeley,  Cal.)  baa  a  set  of  western  slides 
for  sale.  John  Troy  (Ithaca,  N.Y.)  will  m^e  a  limited  number  of  slides 
from  Cornell  University  negatives  at  J0.25  each.  He  sends  a  blue-print 
catalogue  on  application. 
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APPENDIX  K.     FIELD  WORK. 

The  value  of  field  work  is  Buch  that  every  course  in  physical 

geography  ought  to  be  accompanied  by  at  least  some.  No  labora- 
tory or  text-book  work  can  take  the  place  of  well-conducted  field 
work;  it  is  worth  undertaking  even  if  Saturday  is  the  only  time 
available  for  it.  But  a  progreaaive  school  should  provide  regular 
periods  for  out-of-door  work. 

Directions  for  field  work  of  sufficient  explicitness  to  be  useful  as 
a  guide  cannot  be  given  without  taking  up  far  more  space  than  is 
available  in  this  book.  What  kiud  of  work  to  give  is  a  question 
which  can  be  settled  only  by  local  conditions;  therefore  the 
teacher  must  develop  his  own  outline.  There  is  no  region  with- 
out some  good  physiographic  phenomena  within  easy  reach. 

Properly  to  make  use  of  these  field  opportunities  demands  per- 
sonal knowledge  of  methods  on  the  part  of  the  teacher.  There  are, 
of  course,  many  teachers  of  physical  geography  who  have  not  had 
the  training  necessary  for  this  work ;  for  even  the  uni  versities  have 
been  giving  regularly  organized  field  courses  only  in  the  past  few 
years.  Most  summer  schools  in  large  universities  offer  instmo- 
tion  in  this  direction,  and  any  teacher  who  desires  to  give  field 
work,  but  lacks  the  necessary  training,  can  secure  it  easily  and  at 
slight  expense.  Knowing  how  field  work  is  conducted  in  one 
region,  any  real  teacher  can  adapt  the  same  methods  to  his  own 
needs. 

It  is  by  the  introduction  of  laboratory  work,  indoors  and  out, 
that  physical  geography  is  gaining  for  itself  a  rank  which  is 
placing  it  on  a  par  with  other  science  courses  in  the  secondary 
school  curriculum.  Ten  years  ago  scarcely  a  secondary  school  in 
the  country,  and  very  few  normal  schools  and  universities,  gave 
organized  laboratory  and  field  work  in  physical  geography.  Now 
many  of  the  better  secondary  schools  provide  for  it  and  have 
specially  equipped  laboratories.  The  normal  school  or  university 
4«8  1''*- 
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course  that  does  not  include  such  work  is  now  considered  weak 
and  unsatisfactory.  If  the  nest  ten  years  witnesses  an  advance 
equal  to  that  of  the  last  ten,  the  same  will  be  true  of  physical 
geography  in  the  secondary  schools.  A  course  in  chemistry  and 
physics  that  is  solely  a  text-book  course  is  now  considered  ridicu- 
lous ;  the  same  should  be  true  of  physical  geography.  The  fact 
that  it  is  likely  to  be  so  considered  within  ten  years  should  spur 
on  every  teacher  of  the  subject  to  the  effort  to  prepare  himself 
for  the  work  and  provide  for  it.  The  task  is  not  a  great  one,  and 
the  reward  is  well  worth  the  effort 

The  following  are  some  of  the  phenomena  that  are  likely  to  be  fouod 
within  easy  teach  of  a  school.  (1)  lUiutralions  of  wealhrring:  cliffs, 
ledges,  bowlders,  old  stone  or  brick  buildings.  (2)  Nature  of  country 
rock :  in  river  valleys,  railway  cuts,  quarries.  In  such  places  stratifica- 
tion, joint  planes,  folding  and  faulting,  and  fossils  may  possibly  be 
fouud.  (3)  The  soil;  for  characteristic b  and  depth,  look  in  cuts,  as  in 
(i).  Is  it  a  soil  of  rock  decay  or  transported 7  If  the  former,  study  its 
origin  in  the  out.  If  the  latter,  how  transported  V  (4)  River  transpor- 
tation: road  gutters,  plowed  fields,  small  wet-weather  streams,  —  nature 
of  work,  load  carried,  disposition  of  load,  result  of  removal.  Fine 
examples  of  young  stream  valleys,  alluvial  fans,  deltas,  and  waterfall* 
(over  pebbles)  are  very  often  found  in  a  road,  6eld,  or  railway  cut. 
(5)  River  aork  and  valley  formation:  source  of  water;  variation  iu 
volume ;  sediment  load ;  variation  ;  source  of  sediment ;  temporary  dis- 
posal of  it,  —  on  stream  bed,  in  bars,  in  floodplains,  etc;  place  of  final 
deposit  of  sediment;  effect  of  removal  of  sediment  on  valley  form.  The 
entire  subject  of  river  work  and  life  history  of  valleys  may  be  built  up 
around  one  or  two  field  excursions  to  a  near-by  stream.  It  is  not  neces- 
sary to  have  grand  waterfalls  or  broad  floodplains.  A  meadow  brook 
has  its  full  lesson.  (6)  Shore  lines:  a  lake  shore  or  the  sea  shore;  even 
a  river  hanit  or  the  shore  of  a  pond  may  serve.  What  are  the  waves 
doing?  What  work  have  they  accomplished?  Why  are  the  pebbles  round? 
Where  has  the  ground-off  material  gone  ?  What  is  the  source  of  the  peb- 
bles or  sand?  Which  way  are  they  moving?  Are  there  bars,  wave-cut 
cliffs,  small  stream  deltas,  shore  swamps  ?  Perhaps  there  are  all,  possibly 
only  one;  in  the  Iatl«r  case  study  that,  even  though  it  may  seem  very 
iiwignificant.  (7)  Glacial  phenomena:  strife;  till  banks,  —  in  railway  or 
other  cuts;  nature  of  material;  scratched  stones,  etc.  Are  the  pebbles 
or  bowlders  foreign,  f*.  unlike  the  coimtry  rock?  Is  the  till  unstrati- 
fled?  Why?  Find  cuts  of  stratified  drift— evidence  of  water  action. 
There  may  be  moraines,  kames,  eskers,  or  drumlins. 
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Besides  these  there  may  be  plains,  or  mountains,  or  plateaus,  or  toI- 
canio  phenomena.  li  so,  ao  much  the  better;  hut  profitable  field  work 
does  Dot  necessarily  demand  grand  features.     It  will  be  well  to  hare 

moat  of  the  excursions  devoted  to  details  and  the  study  of  principles; 
bence  a  seemiti^^ly  small  illiiatration  may  be  of  the  veiy  highest  value. 
At  the  same  time,  the  field  work  should  not  entirely  ignore  the  broad, 
general  features.  A  very  profitable  excursion  may  be  conducted  in  a 
high  tower,  or  on  a  high  hill  overlooking  the  surrounding  country. 

Field  excursions  should  be  made  for  the  purpose  of  showing  the  rela- 
tionship between  physiographic  phenomena  and  human  interests.  They 
may  oft«n  be  combined  with  the  other  excursion  suggested  above.  For 
example,  an  excursion  miglitwell  consider  the  reason  for  the  location  and 
the  nature  of  work  in  a  quaiTy ;  the  location  and  the  dilticiilties  in  tlie 
way  of  laying  a  railway,  i.e.  the  cuts,  tunnels,  etc,  necessary ;  the  differ- 
ences in  the  soil  and  their  relation  to  plant  life,  and  especially  to  crops; 
the  location  of  mills,  etc.  Here  again  the  broad  influences  of  physio- 
graphic conditions  should  not  he  overlooked.  By  all  means,  the  field 
work  should  show  clearly  the  significance  of  the  location  and  development 
of  the  home  town  and  its  industries. 
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APPENDIX  L.  REFERENCE  BOOKS. 

The  reference  booka  listed  at  the  end  of  each  chapter  deal  in  part,  if 
Dot  entirely,  with  the  topic  treated  in  that  chapter.  There  are  a  number 
of  general  books,  Bome  of  which  are  included  in  those  lists,  which  ehonld 
be  in  every  physical  geography  laboratory.  Among  these  are  most  of 
the  followii^ ;  — 

Mill,  Intematioml  Geography,  AppletoD  &  Co.,  N.T.,  1M2,  |3.90; 
HDXLEY,P%sii)prapAy,  Macmiilan  Co.,  N'.Y.,  1891,  fl.SO;  Geikie,  i^cenn-y 
of  Scotland,  Macniillan  Co.,  N.T.,  1901,  t3.25 ;  Tarr,  PhyficalGeogmphy  of 
New  York  Stale,  Macmillan  Co.,  N.Y.,  1902,  f3.50;  Llbbock  (Loi-d 
Avebury),  Scenery  of  England,  Macmillan  Co.,  N.Y.,  1902,  f2.60 ;  National 
fieiigraphic  Monographs,  Phy»iography  of  the  United  Stales,  Ainerican  Book 
Co.,  N.Y.,  1895,  12,50;  Shaler,  Outline  of  the  Earth's  History,  Appleton 
BtCo.,  N.Y,  1898,  |1.76;  Shai.vr,  AspcrU  of  the  Earth,  Sen bner's  Sons, 
N.Y.,  18!)0, 12.50;  Geikie,  Fragments  of  Earth  Lore,  John  Bartholomew, 
Kdiiibiirgh,  1893,  12s.6d.;  Bokney,  Story  nf  Our  Pla'>el,Casael\,  l^ndou, 
1898,  7».  Od.;  Gbikib.  Earth  Scui/Kure,  Putnam's  Sons,  N.Y.,  1898,  *2.00; 
AIarr,  The  Scientific  Study  of  Scmeri/,  Methuen  &Co.,  I^ndon,  1900,  6f.; 
Sausburt,  Physical  Geography  of  Neif  Jersey,  VoL  IV,  Final  Report, 
New  Jersey  Geological  Survey,  Trenton.  1902 ;  Drvbk,  Sludiet  in  Indiana 
Geography,  Inland  Printing  Co.,  Terre  Haute,  liid.,  1897,  tl.'io;  Powell, 
Geology  of  the  Uintah  ^founlnms,  Department  of  the  Interior,  Washington, 
1876  (out  of  print) ;  Gilbert,  Geology  of  the  Henry  Mountains,  Depart- 
ment of  the  Interior,  Washington,  1677  (out  of  print). 

The  following  are  leading  magazines  of  geography,  at  least  one  of 
which  it  is  desirable  to  have  in  the  school:  Journal  of  Geography,  Chi- 
cago. HI,  ti. 50;  Notional  Geographic  .Ifnynzme,  Washington.  D.C,  #2.50; 
Bulletin  of  the  A  mericnn  Geographicn!  Society,  Xew  York,  $4.00 ;  Gcographi- 
Cfif  JouiTiof,  Ijondon,  #8.00;  Scottish  Geographical  Magazine,  Edinburgh, 
#5,00. 

The  United  States  Geolojical  Survey  publishes  Bulletins,  Atmoal 
Itpports,  Professional  Pajiers,  Monographs,  Folios,  and  Irrigation  Paptrs, 
many  of  which  contain  valuable  physiographic  material,  possibly  relating 
to  your  own  region. 
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Absolute  humlditj,  2M. 

Absorption,  23B. 

Abyssal  life,  197. 

Abf^Dla,  pen  In  sola  or,  2fi. 

AniroDdacka,  107, 127,  SOI,  303. 

Adobe,  3T3. 

Africa,  2i. 

Agssslz,  Lalce,  78. 

AReotaarth,4fi. 

AgM,  geological,  41S. 

Aggrading,  63. 

Agriculture,  Central  Plains,  311;  devel- 
opment of,  370;  New  England,  itifi; 
New  Yori,  302;  Piedmont  Bait,  307; 
western  United  Htates,  310. 

Air,13,lB,l«,229-2flO;  effect  of  gravity 
on,  231;  Importancie  of,  H;  impor- 
tance of,  to  animals,  353;  Importance 
of,  to  planta,  336;  influance  of,  in 
veatbering,  40;  ia  ocean  water,  ISO; 
pressure  of,  'iK;  warming  of,  23S. 

Air  pressare,  measurement  of,  42t. 

Alabama  River,  329. 

Alaska,  glaciers  of,  139. 

Alaska,  peninsola  of,  23,  207, 222. 

Aldriob  deep,  176. 

Aleutian  Islands,  volcanoes  of,  124. 

Alkali  ftats,  S7,  IHS,  324. 

Alleghany  plateau,  308,  310,  33T. 

Allegheny,  309. 

Allegbeny  lUver,  effect  of  Ice  sheet  on, 

isa.  106. 
Allnviairan,6R.  97,  321. 
Alpine  flora,  344. 
Alps,  »,  101,  t02,  107,  108,  388;  glacier* 

of,  137,  HI ;  settlemsDt  of,  lOS. 
Altitude,  effect  of,  on  temperstiire,340; 

influence  of,  on  climate,  276. 
Amazon,  plains  of,  77. 


AmericaD  Ice  sbeet,  146. 

American  race,  382,  383. 

Amphibia,  home  o(,  369. 

Andes,  20,  24,  »9,  107. 

Andesite,  41Z. 

Anemometer,  422. 

Aneroid  barometer,  422. 

Animals,  aid  of,  in  spread  of  plaDta,  346, 
SK;  aid  of.  In  weathering, 41;  barriers 
to  spread  of,  361 ;  dependence  of,  on 
planta,  303;  distribution  of,  353-366; 
domestic,  369,  371;  fresh  water.  358; 
bomes  of,  300;  in  Arctic,  3B4;  in 
AuBCralla,  362;  influence  in  plant 
variation,  347;  influence  of  man  on, 
:i64;  influence  of  surroundings  on, 
303;  in  South  America,  363;  in  tem- 
perate zone,  306;  in  tropical  2one, 
35T;  mode  of  life  of,  354;  of  desert, 
35T;  on  islands,  361;  spread  of,  360; 
zones  of,  364. 

Annual  plants,  341. 

Antarctic  Ice  sheet,  140. 

Antarctic  Ocean,  26. 

Anthracite  coal,  100,  413. 

Anticline,  37. 

Anticyclones,  263,  291,  292;  inflneuce 
of,  on  weather,  26S;  suecesslon  of, 
263;  winds  of,  289. 

Antitrades,  260. 

Appalachian  belt,  308. 

Appalachian  Mountains,  23,  94, 99, 1<K^ 
101,  102,  107. 

Appalachian  plstean,  84,  327. 

Arabia,  peninsula  of,  20. 

Aral  Sea,  162. 

Arctic  animals,  color  of,  3Ni. 

Arctic  climates,  293,  284. 

Arctic  fauna,  3S4. 

Arctic  flora,  340. 

Arctic,  man  in,  384. 
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Atvtlc  Ocean,  2T. 

Argentina,  plalni  of,  77. 

Argon,  229. 

Arid  laadB,  western  United  States,  2 

Arid  plalDS,  west,  33S. 

Arid  plateans,  luhabltanU  of,  8S. 

Arkansas  BWer,  32S,  320. 

Arroyo,  87. 

Artesian  wells,  73. 

AHh,  volcanic,  132,  413. 

Aata.  25. 

Asia  Minor,  peninsula  ot,  207. 

Asteroids,  4. 

Atlanta,  30H. 

Atlantic  Ocean,  27. 

Atmoapbere,  la,  22S-2S0. 

Atolla.  219,  222. 

Attraction  ol  gravitation,  8. 

Augite,  4tf7. 

AuKOSta,  75. 

Aak,  304. 

Anrora  austral  Is,  419. 

Aarora  borealla,  419. 

Australia,  25. 

Australia,  fauna  of,  362. 

Autumnal  equinoi:,  400. 

Avalancbes,  44,  07. 

Avernns,  Lake,  117. 

Alls  of  earth.  Inclination  of,  8. 

Azores  Islands,  124,  173,  222;  antm 


Bad  LendB.  SI. 

Bahama  blands,  219,  222. 

Baikal,  Lake,  162. 

Balearic  Tales,  207. 

Balkasb.  Lake,  ItSH. 

Baltlu  Sea,  3G. 

Baltimore,  7B,  102.  224,  .107.  37(1. 

Banks,  flsblnR,  197 ;  In  »ea,  20B. 

Baroicraph,  422. 

Barometer,  421,  422. 

Baromelrie  gradient,  230. 

Barrier  beaches,  214,  223. 

Barrier  reefs,  218. 

Barriers,  to  spread  ot  anlmalB,  361 ;  I 

spread  ot  plants,  34S. 
Bars,  acrnsB  bays.  213;  offshore,  214. 
Basalt,  412. 
Base  level,  SO. 


Basin  Ranges,  93, 100,  324, 

Basins,  ocean,  17S. 

Basques,  388. 

BajDf  Fundy,24;  tides  of,  13T. 

Bay  of  St.  Lawrence,  24. 

Bays,  cause  ol,  207-210,  223. 

Beaches,  210,  212,  213 ;  barrier,  214, 2S3, 

□fglocial  lakes,  ISO,  ISl. 
Beaver,  3S7 ;  effect  of,  in  fonDing  hikes, 

mi. 

Belted  plain,  80. 

Belt  of  calms,  209,279. 

Berlin,  376. 

Bermuda  Islands,  124,176,318,322;  Ula 

on,  3(il. 
Big  trees,  341. 
Bingham  tou,  302. 
Biotlte,  407. 
Birds,  home  of,  3G9. 
Birmingham,  310. 
Bison,  364,  366. 
Bituminous  coal,  410. 
Black  Hills,  310. 
Black  race,  382,  383. 
Blake  deep,  ITO. 
Blizxards,  289. 
Bluffs,  river,  01,  WJ. 
Bogs,  168. 
Bog  iron  ore,  410. 
Bombs,  volcanic,  122. 
•Bonneville,  Lake,  164 ;  shore  lines  of,  230L 
Bore,  186. 
Bosaea,  34,  127. 

Boston,  2IT,  224,  300;  dmmlina  ot,  1S3. 
Boston  Harbor,  208. 
Bowlder  beaches,  212. 
Bowlder  clay,  142.  152. 
Bowlders,  erratic.  142. 

BraioB  River,  329. 

Breakers,  ISO. 

Bridgeport,  300. 

British  Isles,  23,  208,  210;   T«aaotIS  fot 

importance  of,  389. 
Brooklyn,  308. 
Brown  race.  382.  383. 
Brussels,  3T6. 
Buffalo,  IS6,  166,  302,  303,  304,  313,  331. 

3T6. 


Balldlng  maWiial*,  3T3. 
BnttM,  03. 

O. 

Ckctua,  »3. 

Cairo,  327. 

Cttlabria,  eartliquakM  In,  131. 

Calcareons  tuta,  40»,  410. 

Calclte,  31,  40T. 

Calderaa,  J20,  121,123, 

Calltonila,  flUing  ol  valle;  oE,  6T,  68. 

California,  OuU  ot,  307. 

Caltao,  234. 

Calms,  belt  ot,  209,  279. 

Camel,  89,  3D8. 

Campos, 'J83. 

Canary  Ulands,  124,  ITS,  222. 

CauyoDS,  81,^20,321;  Colorado, 322,32 

Cape  Canaveral,  213. 

Cape  Cod,  218,  2ie. 

Cape  Fear,  213. 

Cape  Hatteras.  213. 21S. 

Cape  Lookout,  213.' 

Cape  VeHe  Islands,  124,  ITS. 

Capes,  cause  ot,  20T-2I0,  222,  223. 

Carboaaw  ot  lime  In  ocean,  180. 

Carbon  dioxide.  229;  Importance  ot,  i 

plants,  336. 
Caribbean  Sea,  23,  207. 
Cascade  Ranges,  126. 
Caspian  Sea,  iH2, 163. 
Castlne.  23*. 

Catsklll  Mountains,  98,  107,  301,  302. 
Caacaalan  race,  382,  383. 
Cave  dwellere,  SB. 
Caverns,  09. 
Caj'uga  Lake,  153,  303. 
Centigrade  scale,  420. 
Central  Plains,  76. 310. 
Cbad  Lake.  162. 
Challeni^r  deep,  170. 
Champlain,  Lake,  162, 16B. 
Change  of  level  of  land,  24,  39,  204. 
Cbarleston.  306;  earlbqoake,  131. 
Cbasnis,2I]. 

Chemlcallj  formed  rocks.  409, 410. 
Chesapeake  Bay,  24,  74,  209,  306,  329. 
Chicago,  31,  lOO,  151, 166,  220,  313,  376 

China  Sea,  207. 
Chinook,  290. 
ODduiiati,  1S6, 312, 376. 


Clrcnmpolar  wblrl,  260. 
Cirqnes,  112. 

Cirrus  clouds,  218. 

Cities,  location  o(,  370. 

Civilization,  ancient,  38T;  influence  of 
!«on,378. 

Clastic  rocks,  409,  410. 

Clay  beds,  409, 410. 

Cleveland,  166,  220, 31S. 

Clltt  dwellers,  80. 

Cliffs,  sea,  211. 

Climate,  276-295;  Arctic,  293,  2M;  belt 
ot  calms,  279;  continental.  288;  east 
coasla, 288 1  equable, 238;  Indian,  284; 
influence  of  altitude  on,  2T<i;  intla- 
ence  ot  lakes  on,  165,  166;  influence 
of  ocean  cnrrenta  on,  278;  Influence 
of,  on  plants,  339;  Influence  ot  topog- 
raphy on,  2T9 ;  Influence  ot  water 
on,  277;  Influence  ot  winds  on,  278; 
ntonntaln,  9S;  plateau,  83;  wutb 
temperate  zone.  293;  sonCbwestetn 
United  States,  316;  temperate  zones, 
285-393 ;  west  coasts,  286. 

Cllmbinx  bogs,  168. 

Clothing,  371. 

Cloudbarsu,  86,  368. 

Clouds,  "in. 

Coal,  108,  170,  410,  411 ;  Appalachians, 
309;  Central  Plains,  312,  313. 

CoasUl  plains,  T3,  303 ;  swamps  on,  169. 

Coast  lines,  20.1-235;  changes  In.  204; 
ot  drowned  lands.  308;  elevated  sea 
bottom.  205;  Influence  on  man,  389; 
irtegnlaritiea  ot,  23-26;  Irregular 
mountainous,  207 ;  lite  history  of,  221 ; 
New  England,  299;  sinking  ot,  74; 
straight  mountalooui,  206. 

Coast  Ranges,  99. 

Cold-blooded  anlmaU,  3E3. 

Cold  pole,  288. 

Cold  waves,  390. 

Color,  332,  233;  of  Arctic  animals,  390; 


ot  o. 


r,  181. 


Colorado  Canyon,  56.  82,  316,  322-323. 

Colorado  plateau,  322,  324. 

"  lorado  River,  8T,  322;  of  Texas,  329. 

Colnmbia  lava  plateau,  120,  820. 

Columbia  River,  320. 

Colnmbia,  S.C.,  75. 
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Combngtion,  229. 

ComiDflrce,  development  of,  3TT. 

Compau,  41tl. 

Conduction,  236. 

Cone  deltas,  tW. 

Cones,  tonne  of  volcanic,  12S. 

Couglomenttes,  409,  410. 

Connecticut  River,  affl. 

Connecticut  valley,  2Uti. 

Consequent  courae,  55. 

Coaseqneot  mountain  drainage,  103. 

Constiuitiuuple,  '■^6. 

Continental  ulimate,  288. 

Continental  glaciers,  146. 

ConClaental  shelf,  T2. 

ContinenUl  elope,  22. 

ContineDte,  W-2H;  climate  ol  Interior 

ol,  2HS;  elevation  of,  22;  iDflnence  o( 

form  on  man,  36. 
CoDtonr  iulerval,  429. 
Contour  maps.  438. 
Contraction,  99. 
Convectiou,  236. 
Coral  reefs,  217, 222. 
Cordillera,  95. 
CordilleFaa,  western,  23. 
Corrosive  work,  62. 
CoreicB,  25,  20T. 
Crater  Uke,  121,  123. 
Crest  o[  waves,  185. 
Crete,  20r. 

Crevasses,  I3S ;  In  levees,  62,  328. 
Crinoids,  i38. 
Crampling  of  strata,  37. 
Cruet,  movement  o(,  35. 
Cultivated  planu,  ^8. 
Cnmulus  clouds,  24S,  268. 
Cusps,  213. 
Cyclonic  storms,  362, 201,  292;  cause  of, 

264;    Influence  of,    on  weather,    260; 

paths  followed  by,  264;  succession  of , 

2ti3;  winds  of,  2S9. 
Cypress,  344. 
Cyprus,  207. 


Dally  range,  241. 

Dead  8ea,2S.iei,  168;  lackof  life  In,  3G9. 

Death  Valley,  324. 

DAria  coa«B,  ST. 


Deccan,  lava  plateau  of,  128. 

Deciduous  trees,  340 

Declination,  418,  419. 

Deep4eaeiploring,173,174;  life  Id. 197. 

Deeps,  ocean,  17S. 

D^rading,  53. 

Degrees,  402. 

Delaware  Bay,  24,  209,  300,  329. 

Delaware  River,  329. 

Delta,  Mississippi,  32B. 

Deltas,  64,  222 ;  lake,  162, 164. 

Denmark,  peninsula  of,  208. 

Density  of  sea  water,  181. 

Denudation,  i5 ;  of  mountains,  96. 

Denver,  31S,  37B. 

Desert  fauna,  3S7. 

Desert  flora,  342. 

Deserts,  86-89;  as  barriers  to  spread  of 
animals,  3G1 ;  as  barrier*  to  spread  of 
plants,  346;  drainage  of,  86;  life  on, 
88;  man  In,  386;  nature  of,  86;  rain- 
fall of,  8(i;  trade  wind,  281;  wind 
work  In,  87. 

Detroit,  166,313. 

Dew,  246. 

Dew  point,  24S. 

[Habase,  411,  412. 

DlaUiennanous,  234. 

Diatom  onze,  1T7. 

Diffraction,  333. 

Dihe,  34, 126. 

Diorite,  411,  412. 

Dip,  37 ;  compass,  418. 

Dismal  swamp.  T4,  ir>9. 

Distributaries,  04.  65,  328. 

Distribution,  of  animals,  3S3-386;  of 
mankind,  381,  383. 

Dodo,  304. 

Doldrums,  2S9. 

Dolomite,  407,  411. 

Dome-shaped  mounlAlns,  100. 

Domestic  animals,  3BB,  371. 

Dormant  volcanoes,  116. 

Downee,  283. 

Dralnatce.of  deserts,  86;  of  monntalns. 
103. 

DredglnR,  174. 

Drlft.f!Uclal,147,164;oceMi,igi;stnll- 
fled,  149. 

DrongbU,  286,  Sn.   /-  | 


Dnimlina,  152. 

Dalulfa,  KM),  220,  311,313. 

Daac  partlclea,  '230 ;  efFect  of,  «d  fog, 

347. 

H. 
Early  man,  369. 
Earth,  age  of,  45;  aa  a  planet,  1-10; 

contisctioD  □[,  18,  SS,  9t);  dlfferanceB 

[a  teaipersture  on,  '£0;  general  foa- 

turMoF,  13-2»;  iDterloror,  IT;  piuot 

of  roundness,  2 ;    radiation  trum.  23S  ; 

roIatloD  of ,  ti ;  shape  i>r,l;  slzeuf,:!; 

solid,  IG;  wind  syatema  o(,  25S. 
Earth's  axis,  inclination  oF,  8. 
Earth's  crust,  IS;  changes  in,  20,  21,  31- 

46;  irr^uiariMes  of,  19. 
Earthquake  waves,  186, 
Earthquakes.  101,  i:il)-132 ;  cause  of,  130; 

characteristics  of.  l;ll ;  eflecia  of,  131 ; 

occurrence  of,  IX. 
East  coasts,  climate  of,  288. 
East  Indies,  '25.  98,  207,  222. 
Ebb  of  tide,  18T. 
Eclipse,  2. 

Eitel  district,  volcanoes  of,  123. 
Elevated  beaches,  220. 
Elevated  sea-bottom  coasts,  300. 
Elevation,  forces  of,  21. 
Ellipse.  5. 
Elralra,  302. 
Energy,  radiant,  234. 
Eplcentrum,  131, 
Epiphytes,  338,  342. 
Equable  climate,  238,  277. 
Equator.  402. 
Equatorial  dritt,  191. 
Equinoxes,  400. 
Erie  Canal,  3Kt. 
Erie,  Lake,  101,102.      . 
Erosion, agencies  of, 21, 44;  glacial, 138, 

163. 
Erratics.  141. 153. 
Eskimo.  2!»4,  371,  372.  3T3,  384. 
Ethiopian  race,  382,  383. 
Etna,  118, 130. 

Euphrates*,  early  clTillzation  in,  387. 
Eurasia,  25. 
Europe,  25. 


421. 
Everglades,  169. 
Evergreen  trees,  340. 
Evolution,  347,  360. 
Exchange,  pilmitive.  377. 
Excursions,  field,  439. 


Fahrenheit  scale,  420. 

Fall  Uue,  75,  306,  307. 

Pall  River.  300. 

Far  West,  314. 

Fault.  37. 

Fault-block  mountains,  93, 100. 

Fauna,  3Bi:  Australian,  362;  o(  Arctic, 
354;  of  desert,  357  ;  fresh-water,  368; 
inland,  3lil;  of  northern  coutli;enla, 
3ri3;  Sontb  American,  363;  temper- 
ate, 356;  tropical,  367. 

Feldspar,  34,  406. 

Field  nork,  439. 

Fingal's  Cave,  197. 

Finger  luken,  153. 

Fiords,  26,  163,  209. 

Fishing  banks,  liff. 

Floodplalns,  58.  61,  327,  328. 

Floods,  Mississippi,  328. 

Flora,  330;  Alpine,  344;  An:tic.  340;  of 
deserts,  342;  of  mountains,  343;  of 
savannas,  342;  of  steppes,  342;  aub- 
tropJCAl.  342  ;  temperate,  340  ;  tropi- 
cal, 342. 

Florida,  frosts  in.  286;  plain,  74;  plain, 
drainage  of,  ,55. 

Flow  of  tide.  1S7. 

Focus  of  earthquake,  131, 

Foebn,  290. 

Fog,  247. 

Food  of  man,  370. 

Forest,  care  of,  349. 

Forestry,  350, 

Fracture,  zone  of,  IS. 

Fragmental  rocks,  409,  410. 

Fresh-water  fauna,  368. 

Fringing  reefs,  21 H. 

Frost,  236,  246;  aid  of,  In  weathering, 
40. 

Fur-bearisg  animals,  303,  360, 3B6,  SET. 


NEW  PHYSICAL  OEOQRAPHT. 


Q9Xwg»fp*  lalands,  nuimali  in.  3G2. 

GalveHiOD,  T3,  2H,  21S,  224,  306;  affect 
of  hnrricaue  on,  271. 

Qta.  19. 

GenevA  Lake.  103. 

Genoa,  3T6. 

Cieologlcal  Ages,  415. 

George,  Lake,  165. 

Georges  Banks,  197. 

Geyaera,  132,  133. 

Giant's  Cause wur.  12T. 

Gibraltar,  223. 

Glfkclal  drift,  IIT. 

Glacial  erosion,  138,  1S3. 

Glacial  lakes,  shore  lines  ot,  230. 

Glacial  period,  I4T  ;  cause  of.  147. 

Glaciers,  137-150;  Alaskan.  l;«;  distri- 
bution of  valley,  141 ;  effects  uf  con- 
tinental on  Mississippi  system,  32T; 
effect  of  conliuental  iu  Neir  England, 
299;  effect  of  continental  in  Central 
Plains,  310;  former  extension  of  val- 
ley, HI;  Greenland,  143;  influence  of 
continental  on  New  York,  301 ;  val- 
ley, 13T-142. 

Glasgow,  m. 

Globigerlna  ooze.  ITT. 

Gneiss,  31,  30,  41.3. 

Govemmetit,  origin  ot,  3TS. 

Grade,  56. 

Graham  Island,  112. 

Grand  Banks,  197. 

Grand  Canyon  of  Colorado,  81,  322. 

Grand  lUver,  322. 

Granite,.'^,  39,  411,  412. 

Graphite,  413. 

Gravel  beds,  40!),  410. 

Gravitation,  atiractlon  of,  8. 

Gravity,  8 ;  effect  of,  on  air,  231 ;  effect 
ot,  on  plants,  339;  Innueuce  of,  on 
animals,  3M. 

Grazing,  western  United  Btatefl,  314. 

Great  Barrier  Reef,  218. 

Great  Basin,  ;«4. 

Great  Bear  I.ake,  162. 

Great  Falls,  32r>, 

Great  Lakes,  161, 1B2,  \W>.  16«,  329,  330 ; 
origin  ol,  106;  post-glacial  blstoiy  ot. 


Great  Plains,  TT,  326;  raneUng,  311. 

Great  Salt  Lake,  T8, 163, 164, 324. 

Greece,  peninaola  of,  20,  96,  20T. 

Greeks,  ancient,  37T. 

Green  lUvar,  322. 

Greenland,  absence  of  plants  In,  33K; 

ice  desert,  86 ;  ice  alieet,  143 ;  Interior 

of,  144. 
Greenwich  Oiitervatory,  Ml. 
Grotind  moraine,  138. 
Ground  swell,  ISO, 
Guam,  ITS. 

Gulf  of  CalltomU,  33. 
Golf  ot  Heiico,  23. 
Gulf  Stream,  192,  289. 
Gulfs,  cause  of,  aDT-210,  223. 
Gypsum,  \SJ,  408,  410. 


Hachure  maps,  428. 
Hail,  2B0. 

Hair  hygrometer,  423. 
Halos,  233. 

Hanging  valleys,  142, 153. 
Harbors,  223-22H ;  cause  of,  207<.210. 
Hard  heads,  102. 
Hartford,  300. 

Hawaiian  Inlands,  20,  98, 175,  222;  anf- 
maU  in,  362;    volcanoes  of,  119-121, 

Haze,  230. 

Headland  cliffs,  212. 

Headwater  erosion,  IM. 

Ueat,  234-23T;  in  earth's  iiit«rloT,  II; 
from  sun,  10;  latent,  238;  ot  vapori- 
zation, 238;  zones  of,  276. 

Hell  Gate,  tides  ot,  188. 

Hematite,  408. 

Henry  Mountains,  100. 

Hercaianeum,  destrnction  of,  IIB-IIT. 

High  barometer,  421. 

High  pressure,  200. 

Hlgb-pressure  areas,  263. 

Himalayas.  102,  106,  388;  nlnttU  at 
base  of,  284. 

Hoangbo  River,  ST. 

Hoboken,  305. 

Homes,  selection  of,  SIA. 

Homes  of  animals,  359. 

Hooks,  213.  , 

^..)o>Hc 


Hornblende,  40T. 

Koree  latitudes,  261 ;  ralDr&U  or,  S8S. 

Hot  Bprlnga,  132. 

Kousee,  372,  »T3,  374. 

Hudeou  Bay.  24. 

Hudson  River,  329;  drowning  of,  304. 

Humboldt  glacier,  144. 

Humidity,  244. 

Huron,  Lake,  IGl,  1S2. 

Hurricanes.  269;  eff«cU  of,  3T1. 

Hygrometer,  423, 


Ice,  &ld  in  river  erosion,  S3. 

Iceberg*' 1^1 1^;  tormatian  ot.  I4S. 

Iceberg  waves,  186. 

I>-e  cave,  139. 

Icfrdammed  lakes,  149. 

Ice  rail,  138. 

Ice  tloei,  1«. 

Ice  in  Dceau,  194. 

Ice  packs,  IM. 

Iceland,  lava  plateau  of,  126;  volcanoes 

or,  131. 
Ice  sheet,  143;  Antarctic,  145;  Arctic. 

145;     effects    of,    154;     former,    W>; 

Qreeoliuid,  143. 
%ieous  rocks,  33,  408,  411,  412. 
India,  climate  of,  2S4;  peuinsula  ol,  20. 
Indian  Ocean,  37. 
Indian  race,  382,  383. 
Indians,  38S,  387. 
Indo-Cblns,  peninsula  of,  29. 
InhabltaoU  of  plateaus,  84,  8H. 
Insects,  home  of,  359. 
Instrument  shelter,  424,  42S. 
Instmments,  meteorological,  420-12i. 
Interior  basins,  22,  95. 


)r  of  ee 


I,  17. 


Intermittent  desert  i 

Intruded  igneous  rocks,  34,  126,  411. 

InvertebrateH,  home  of,  359. 

Irish  Sea,  2R. 

Iron,  Appalachians,  309;  central  plains, 

312, 313 1  deposiu  of,  410;  ores  of,  403. 
Iron  pyrite,  403. 
Irrigation,  315. 
Ischia.  island  of,  117. 
Islands,   cause   of,   207-210,   222,  223; 

faunas  of,  361. 
2q 


Isobars,  262. 
Isogonlc  map,  419. 
Isothermal  chart,  276. 
Isotherms,  276. 
Isthmus  of  Panama,  24. 
Ital;,  peninsula  of,  26,  St 


James  lUver,  329. 

Japan,  eartiiqQakes  tn,  130. 

Japanese  Islands,  20,  26,  96,  207,  3S2. 

Japan  Sea,  207. 

Jersey  City,  306. 

Jetties,  328. 

Joint  planes.  38;  influence  on  rivers,  53. 

Jura,  94, 100. 

K. 
Karacliatka,  peninsula  o(,  2tt,  98. 
Kames,  140. 
Kangaroo,  362. 
Kaolin,  407. 
Kettles,  moraine,  148. 
Key  West,  222. 
Kilauea,  119,  120. 
Korea,  peninsula  of,  25,  223. 
Krakaloa,  119, 123. 
Kurile  Islands,  22,  93. 


Laboratory  equipment,  431-438. 

Labrador  Current,  1S3,  27B,  289. 

lAbrador  peninsula,  23. 

Laccolith,  127. 

Lacblue  rapids,  330. 

ladrone  Islands,  176. 

Lake  basins,  origin  of,  160. 

Lake  plains.  TS. 

Lakes,  1H>-Iti7;as  resorts,  165;  freezing 
of.  16S,lG<i;  glacial,  166;  ice-dammed, 
149;  importance  of ,  165;  InfioeDce  on 
climate,  165,  166;  Influence  on  na»i- 
galion,  166;  life  history  of,  164;  oi- 
bow,  63,  328;  salt,  lt>3;  shores  ot, 
220;  size  and  form  of,  161;  stoiageot 
water  In,  167. 

Lake  Superior  highlands,  310. 

Ijind  breezes,  256. 

Land,  cbanges  iu  level  of,  3S,  304 ;  sink' 
Ing  of,  34;  warming  ot,  237. 

Ljtnd  hemisphere,  27. 
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t,M,9T. 

Ui  Soutrlire,  arnpHoa  of,  113-llS. 
UiaMii  Peak,  121. 

Utent  heat,  23S  ;  liberation  of,  2B6. 
Lateral  moraine,  138. 
Latftnde,  402. 

Lava,  33;  Hawaiian  Tole*noei,  130, 121. 
Lava  floods,  12D. 

Uva  flows.  122. 

Lava  iutruBloDS,  I2S. 

Lava  plaloau,  81 ;  Columbia,  330. 

Lava  soils,  130. 

Lawrence,  ISS,  300,  3T1. 

Leads  In  ocean  Ice,  194. 

LefC-hand  deflection,  2G8. 

Levees,  62,  328. 

Life,  on  deserts,  88;  In  ocean,  19S-198i 
on  ocean  bottom,  IIIT. 

Life his(or7,afcoaat  line, 221;  of  lakes, 
164;  of  mountains,  101;  of  river  val- 
leys, 54 ;  of  volcanoes,  128. 

Lif[bt,  232;  relation  of  plants  to,  33T. 

LlKhtnlDE,  ^. 

Lignite,  410,  411. 

Limestone,  33,  3S,  410. 

Llmonite,  408. 

Liparl  Islands,  113, 

Llqnid,  19. 

Littoral  life,  198. 

Liverpool,  3T6. 

Llanos,  2aL    ^ 

Lobate  moltines,  148. 

London,  210,  3T6;  fogof,24T. 

Long  Island,  24. 

Long  Island  3aimd,  24. 

Longitude,  403. 

Los  Angeles,  316. 

Louisville,  312. 

Low  barometer,  421. 

Lower  Caliromla,  23, 222;  peninsula  of, 


Madagascar,  25,  222. 
Madeira  Islands,  222. 
Madrid,  3711. 
Magnetic  norlh,  418. 


Magnetic  poles,  418, 

Magnetism,  418. 

Magnetite,  408. 

Malaria,  ITO. 

Halnapina  glacier,  140. 

Malay  Peninsnla,  98, 207,  223: 

Mala;  race,  382,  383. 

Mammals,  home  of,  3B9. 

Maramotb,  3(J0,  3B3,  304. 

Mammoth  Cave,  09. 

Man,  aid  of.  In  spreading  plants,  S4S; 
in  Arctic,  384 ;  barriers  overcome  by, 
381;  dependence  of,  on  nature, 3S»;  In 
desert,  3H6;  domesticalioa  of  animals 
by,  365;  early,  369;  effect  In  forming 
lakes,  161 ;  effect  of  Ice  sheet  oo,  154- 
166 ;  effects  of  ocean  carrents  on,  193, 
194;  effects  of  tides  on,  1S9;  effect  of 
valley  form  on,  58;  food  of,  3T0;  Im- 
portance of  shore  lines  to,  303;  InSu- 
ence  of  coast  line  on.  389;  InAuenceof 
continent  form  on,  26;  influence  of 
deltas  on,  6B ;  Influence  of  deserts  on. 
88;  Influence  of  lakes  on,  169,  167;  in- 
fluence of  monntalna  on,  106-109,  388; 
Influence  of  ocean  on,  15,  28;  infln- 
snce  of  swamps  on,  ITO;  influence  on 
animals,  Xi  ;  influence  on  nature,  TTS: 
Influence  on  plant  variation,  318;  In 
temperate  zone,  385 ;  In  tropical  zone, 
3B5;  plants  of  vaine  to,  348;  relation 
of  plateaus  to,  84,  85 ;  relation  of,  to 
land,  31 ;  relaCloo  of  volcanoes  to,  129; 
spread  of,  381. 

Han  and  nature,  369-993. 

Maucbestet,  195. 

Mangrove,  344;  swamps,  217. 

Mankind,  development  of,  36»-380;  dts- 
tribntioD  of,  381-383;  races  of,  382. 383. 

ManutacturiDg,  Appalachians,  309;  New 
England,  299. 

Maps,  428;  for  laboratory  niie,  431-438; 
mounting  of,  43T;  use  of,  438. 

Marble,  34,  %,  413. 

Marshes,  salt.  216. 

Marsupials,  362. 

Massachusetts  Bay,  208. 

Mastodon,  360,  363,  361. 

Halnre  coiut  line,  221. 

Matnre  monutains,  103. 

■  ■■ .Coo>iIc 


MaCare  plklns,  TO. 

Mature  valleys,  BT. 

Mauna  Eea,  119, 120. 

Manila  Loa,  IIQ,  120. 

HeanderB,  (B,  328. 

Medial  moraine,  138. 

Mediterranean, 207, 2<M;  c1iinateaf,2Tli; 

early  comnierce  Id,  SH  ;  tides  ot,  187. 
Memphis,  »27. 
Markllao,  403. 
Uesas,  82,  S3. 
Hesquite,  313. 

MetamorpMc  rocks,  34,  408,  413. 
Meteorological  InatrumaDtB,  420-426. 
Mexico,  Gulf  ol,  207. 
'  Mica,  407. 

Michigan,  Lake,  161,  lez. 
Hld-Atlantlc  Kldge,  ITS. 
Milan,  3T6. 
Milwaukee,  166,  313. 
MiueralB.  406-408. 
Mineral  wealth,  Ceotral  Pl^a,  312;  of 

mountain  1, 106. 
Mining,    AppBlacblana,    309;    western 

United  States.  315. 
Hiuneapolis,  155,  311,  312. 

Hississippl,  delta  of,  66,  328;  drainage 
area  of,^0;  river,  310,  312;  rock  load 
or,  S2;  system,  32I>-328;  Vftlley  of,  76, 
77.  310,  320,  328. 

Missouri  river,  32B,  326.  327. 

Mobile,  306;  bay  of,  200.  y 

Models,  428.  - — "^^ 

Mohave  desert,  282. 

Moist  plateaus,  luhabltauts  of,  84. 

Monad  nock,  298. 

Money,  origin  of,  378. 

Mongolian  race,  382,  383. 

Monovlinal  sbllting,  law  of,  104. 

Monocline,  37. 

Honotremes,  S62. 

Moiisoon  winds,  206.  2S9,  284. 

Monte  8omma,  116. 

Mont  FeM,  eruption  ot,  113-115. 

Montreal,  313.  330. 

Moon,  3,  6, 18. 

Horainea.  138;  terminal,  148;  ot  reces- 
sion, 148. 

Uonnlaln  Oora,  313 


KCoantslnoaa  coasts,  206-208. 

HoUDUlnB,  9^109;  Appalachians,  SOB; 
M  barriers,  lOG,  308;  as  harriers  to 
Spread  ot  aalmals,  361 ;  as  barriers  to 
spread  of  plants,  316;  canae  of,  99; 
climate  of,  96;  crosslug  of,  106;  de- 
nudaUon  o(,  96;  distribution  of,  S8; 
drainage  ot,  103;  elTect  ol,  on  climate, 
286,  287;  height  of,  20;  Inflnence  on 
man,  388 ;  life  history  ot,  101 ;  mineral 
wealthof,  108;  names  applied  to  parts 
of,  94;  relation  of  continents  to,  22; 
resemblance  to  plateaus.  96;  rocks 
of,  93;  settlement  of,  IOC;  as  summei 
resorts,  107;  as  timber  reservw,  107; 
types  of,  100. 

Mountain  valley  breezes,  2S6. 

Mount  Ararat,  124. 

Mount  Everest,  20. 

Mount  Hotyoke,  127,  286. 

Mount  Hood,  124, 130. 

Moqnt  Mazama,  122. 

MountBalnier,  124, 130. 

Mount  St.  Ellas,  140. 

Mount  St.  Helens,  124. 

Mount  Shasta,  121,  124, 130. 

Mount  Torn,  127,  298. 

Mount  Washington.  34. 

Mounting  of  maps,  4^. 

Mud  flows,  lis,  122. 

Mulr  glacier,  139. 

Muscovite,  407. 

N.        ^ 

Natural  bridge,  60. 

Natural  levee,  62. 

Navigation,  development  of,  377,  378. 

Neap  tides,  189, 117. 

Nebula.  18. 

ilcanic,  128. 


Negro 


2.  3S3. 


Netherlands,  170. 

N*v^,  137. 

New  Bedford,  300. 

New  England,  296. 

Newfoundland,  24,  206,  210,  247. 

New  Haven,  300. 

New  Orleans,  224,  286,  300,  312,  376. 

New  York  City,  102,  210,  224,  304-300^ 


376. 


.,)o>; 
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New  York  HMbor,  224. 
New  York  Bt»te,  301-306. 
New  Zealaod,  Bfi,  222. 
Ntattan  FklU,  54,  IRS,  32S,  331-334 ;  re- 
cession of,  332,  33;t. 
Niagara  BiTer,  M,  IR*,  187,  330,  333. 
Nicaragua  lAke,  ISO. 
Nile  delta,  e4. 
Nile  River,  ST. 

Nile  valler,  eaily  clTlUzatdtm  Id,  3S7. 
Nimbm  clondE,  218. 
Nitrogen,  Wi. 
Nomads,  89,  386,  38T. 
Norfolk,  306. 
Nortb  America,  23. 
North  Atlantic  eddy,  1S2. 
Nortbeait  storms,  2K. 
Northeast  trades,  269. 
Norttters,  2S9. 
North  magnetic  pole,  418. 
North  pole,  climate  near,  2M. 
North  Sea,  26. 
Norwaj,  flotdB  of,  209. 
Nova  Scotia,  peniiisula  ol,  206. 
Nunatak,  14*. 
'Nyaras,  Idke,  162. 


Oases,  89,  387. 

Obsidiao,  412, 

Ocean  baBlna,  ITS. 

Ocean  bottom,  173-1T9;  deposiU  on, 
176;  Ute  oD,  167;  light  on,  1S2;  tem- 
perature of,  1H3,  ISl;  topograph;  of, 
1T8. 

Ooeao  ourrenta,  190-194;  aid  of,  in 
spreading  pUnte,  345;  effects  of,  193; 
influence  of,  on  cUmate,  278. 

Oceanography,  1T3. 

Oceans,  14, 17^198 ;  as  barriers  to  spread 
of  animals.  361 ;  as  barriers  to  spread 
of  plants,  346;  depth  of,  14,  30,  174, 
ITS,  1711:  ice  in,  194;  impurtanca  of, 
15;  life  in,  195-19S;  temperature  of, 
182-184;  form  of,  28. 

Ocean  water,  color  of,  181 :  composttlon 
of,  179;  density  of.  181;  movements 
of,  184-190;  pressure  of,  181. 

Offshore  ban.  214,  222. 

Offshore  platforms,  212. 


Ohio  lUver,  S2S,  327 ;  effect  of  lc«  iheet 

on,  1B6, 1S6. 
Old  mooDtalns,  102. 
Old  plain,  79. 
Old  valleys,  6S. 
Ontario,  Utke,  164,  161, 162. 
Oolite,  409, 410. 
Oozes,  ocean  bottom,  176. 
Orbit,  earth's,  397. 
Organic  rocks,  410. 
Orinoco  delta,  66. 
Ottawa  River,  330. 
OTerturned  folds,  37. 
Oi-bow  cuUoff,  63,  328. 
Oxygen,  13,  229. 


Pacific  Ocean,  ZT. 

Pack  ice,  194. 

Palisades,  12T,  til. 

Parallels  of  latltnde,  402. 

Paris.  376. 

Park  lands,  283. 

Parks,  moontain,  95. 

Passee,  at  Mieslsslppl  montb,  3^ 

Pass,  mountain,  95. 

Peaks,  mountalu,  96. 

Peat  bogs,  168, 170,  410,  411. 

Pelagic  life,  196. 

Peneplain,  68,  102,  307. 

Peninsulas,  cause  of,  207-210,  222.  223. 

Perennial  plants,  341. 

Philadelphia,    31,    76,    IDS,   224,    307, 

370. 
Philippine  Islands,  20,  22,  2S,  96,  207, 

222. 
Pliosphate,  3D6. 
Phosphorescence,  183, 
Physiography,   SS;   of   TTnltad   SlAtM, 

298-317. 
Picture  writing,  379. 
Piedmont  Belt,  102,  307,  SOS. 
Piedmont  glacier,  140. 
Pikes  Peak,  34. 

Pittsburfc,  31,  1S6,  900.  312,  327,  376. 
Plains, 72-80;  central  United  States, 76- 

314;   rlHBses  of,  79;   coasMI,  72,  306- 

307;  oontinental  shelf,  72;  InduNtries 

of,  77;   lake,  78;  life  history  of.  79; 

New  York.  303;   relation   to  moon- 


t^ng,  22;  fiuulan.IBi  Siberiui,  75; 
submarine,  ITS. 

Plane  of  ecliptic,  SST. 

Planets,  S-6. 

Plaot  food,  4U. 

Plaots,  aid  Id  weathering,  40;  Arctic, 
340 ;  barriera  to  spread  ot.  HB ;  con- 
ditions influenciofc,  336-333;  depen- 
dence on,  ol  animals,  393  ;  ot  des- 
erts, 342;  distiibntion  of,  3%-350; 
effect  of  gravity  on,  338;  Importance 
of  all  to,  336  ;  importance  of  soil  to, 
338;  importance  ot  sunlight  (o,  3;rr; 
imporlAiiceof  waterto,33T;  InQaeace 
of  climale  on,  339;  bieans  ot  distrl- 
buUon  at,  319;  of  monntaiDS,  343; 
relation  of,  to  temperature,  336;  of 
■arannas,  342;  of  steppes,  U2;  tem- 
perate, 340;  tropical,  342;  of  vali 


n,34R; 


r,344. 


PUteaus,  80-85;  Alleghany,  30(t-,110,32Ti 
Appalachian,  308-310;  climate  of,  83; 
Calorado,  332,  324;  inhabitants  ot,  84, 
SS;  lava,  81;  nature  ot,  80;  New 
York,  302;  relation  to  continents,  22; 
reeemblance  to  monntaina,  98;  tculp- 

Platte  River,  3SS,  32T. 

PlatTpiw,  dnck-billed,  362. 

Playas,  190,  %». 

Pocket  beaches,  212. 

Po,  filling  ot  valley  of,  68. 

Poles,  magnetic,  418. 

Pompeii,  destruction  ot,  llft-llT. 

Porphyrltic  crystals,  412. 

Portland,  Maine,  300;  Oregon,  210,  31B, 

Pot  holes,  M ;  glacUl,  138. 

Potomac  River,  329. 

Prairies,  7T. 

PreclplUtlon.  24S. 

Pressure,  air,  2B5 ;  of  sea  vater,  18 

Prevafllng    westerlies,    260;     variable 

winds  ot,  289. 
Prime  meridian,  404. 
Promontories,  cause  of,  207-210,  22 
Providence,  300. 
Psycbromeler,  423. 
Pteropod  ooze,  ITT. 
PneblM,8a. 


Pumice,  34, 112, 12%  iO. 
Pyrenees,  106,  388. 
Pyrites,  408. 


Quaking  bogs,  168. 
Quartz,  34,  406. 
Quartzlte,  34,  36,.'413, 
Quickaands,  212. 


Races,  ot  mankind,  382.  K'    ■ 

Races,  tidal,  188.  1 

Radiant  energy,  234 ;  passage  ot,  2M. 
RadiatioD,  234;  from  earth,  23S. 
Rain,  240;  cause  of,  in  cyclonic  storms. 

Rainbows,  233. 

Raindrops,  249.    . 

Rainfall,  at  base  ot  Himalaya*,  S84; 
belt  of  calms,  280;  Influence  ot  cy- 
clones and  anticyclones  on,  266; 
measnrement  of,  424;  ot  dewrts,  86, 
283;  of  temperate  zones,  280;  ot 
trade-wind  belta,  280,  281;  ot  west 
coasts,  286;  on  monnCains,  06. 

Rain  gauge,  424. 

RbId  sculpturing,  61. 

RalBlg!.,  75. 

Ranching,  Qreat  Plain*,  811. 

Range,  mountain,  94. 

Rarefied  air,  231. 

Red  clay,  177. 

Red  Race,  382,  383. 

Red  River,  325,  327. 

Red  River  of  the  North,  Tanay  of,  T8, 
IGO.  320. 

Red  Sea,  20T. 

Reflection,  232,  23B. 

Refraction,  232, 

Reindeer,  381. 

Rejuvenated  rivers,  S3, 

Relative  humidity,  244. 

Relief  maps,  428. 

Reptiles,  home  ot,  3G9. 

Residual  soil,  43. 

Revolution,  6,  397,  398;  effect* ot,T, 

Rhine  delta,  66,  170. 

Rhyolite,  411,  412. 

Bichmond,  TO,  , 
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Ridge  road,  ISO. 
Ridges,  mouatAlii,  9fi. 
KiglithaaddeaecUon,  2SS. 

BioGreude,  324. 

lUo  Pecos,  32S. 

River  captuce,  101. 

River  pirate,  101. 

Rivera,  aid  of,  in  spreading  planta,  315 ; 
efiect  ol  ica  od,  S3 ;  effect  of  glftclal 
ice  on,  196;  srosive  work  of,  92; 
flcHHlplalnB  of,  61 ;  grade  of,  56;  ma- 
tore  valleys  of,  ST;  moaataln,  10^; 
old  valleya  of,  68;  rejuvenated,  33; 
rock  load  of,  Gl;  supe  rim  posed,  83; 
supply  of  water.GO;  of  United  States, 
320-334 ;  variation  in  volume  of,  BO. 

River  Bwamps,  Ittd. 

River  terraces,  63. 

River  valleys,  00-68;  life  history  of,  M. 

Roclies  moatonodes,  142, 193. 

Ro«ho9ter,  15S,  220,  303,  3T6. 

Rock.  19;  beneath  soil,  10. 

Rock  basins,  142. 

Rock  flour,  139. 

Bocks, 40tM13;  chemically  formed, 409, 
410;  classification  of,  408;  clastic,  409, 
410;  fragmcDtal,  409,  410;  igneous, 
408,411.412;  metamorpbic,  408.  413: 
minerals  in,  40S;  mountain,  93,  U4 ; 
of  crust,  32;  organic,  410;  resistance 
of,  34;  sedlmenUry,  408-410;  sedi- 
mentary, consolidation  of,  33. 

Rocky  Mountains,  99, 101,  107. 

Rollers,  185. 

Rome,  3T6. 

Rome,  N.r.,303, 

Rotation,  S,  6,  398  ;  effect  of,  on  whids, 
2B8:  effects  of,  T. 

Royal  Gorge  of  Arkansas,  328. 

Rassian  pUdns,  TG. 


Sacramento  River,  321, 

Bage  brush,  343. 

Sahara,  282. 

St.  Oothard  tunnel,  10T. 

St.  Helena,  124,  ITS. 

St.  Lawrence  avstem,  US,  19T,  3 

St.  Lonts,  312,  3TG. 

St.  Paal,  310,312. 


St.  Petersburg,  370. 

St.  Pierre,  destruction  of,  113-114. 

Salem,  221. 

Salines,  87.  169,  ITO, 

Salt,  170,410;  deposits  of,  167;  in  ocean, 

179, 180. 
Salt  Lake  City,  164,  315,  324. 
Salt  lakes,  8T,  163,324. 
Salt  marshes,  216. 
Samoa,  typhoon  at|  271. 
Sand  bars,  213. 
Sand  beds,  409,  4tO. 
Sand  dunes,  desert,  88;  saacoast,  215. 
Sand  plains,  149. 
Sandstone,  33.  39.  409.  410. 
Sandy  Hook,  213.  21S. 
San  Francisco,  2T8,  316,  37S. 
San  Francisco  Bay,  208,  321. 
San  Joaquin  River,  321, 
Sardinia,  25,  207. 
Sargasso  Sea,  192. 
Satellite,  6. 

SaturaUun  of  air,  244,  24S. 
Savanna  belts,  283. 
Savanna,  flora  of,  342. 
Savannah,  306. 

Scandinavia,  peninsula  of.  25,  208. 
Scenery,  western  United  States,  316. 
Schist,  .t4.  .t5,  413. 
Schools  o(  toraatty,  3B0, 

Scranton,  109,  309,  376. 

Scalptaring  by  min,  SI. 

Sea  breezes,  250. 

Sea  caves,  211.  ' 

Sea  cliffs,  211. 

Sea  coast,  changes  to,  304. 

Sea  Islands,  SIS. 

Sea  level,  8, 179, 

SeaHonal  temperature  range,  343. 

Seasons,  explanation  of,  398. 

BeatUe,  3lli. 

Sea  water,  compoiiitlon  of,  179;  denilty 

of,  181;  prpseureof,  181. 
Bedimentar?  rocks,  32,  408-410. 
Sediment  In  riven,  61, 62. 
BmmIk.  distribution  of,  345. 
Select  IvR  srattering,  233. 
SenecA  Lake,  IKt.  303. 
Sbale,  33,  3J,  409,  410. 

-ooglc 


BheeU,  Intruded,  34, 12T. 

Shelter,  3T2. 

Shore  lioes,  203-S3S;  abandoned,  220; 

Importance  ol,  '203;  lake,  lf>2,  220. 
ShoshoDe  Falls,  320. 
Siberia,  frozen  soil  Id,  19. 
Siberian  plains,  75. 
Sklly,  25,  207. 

Siderite.  40S. 
Sierra  Nevada,  9B. 
Sltlciooa  Binler,  410. 
Sill,  34,  127. 
SfmploD  tunnel,  107. 


Sinking. 


1,24. 


Stro 

Sky,  color  ot,  233. 

Slate,  413. 

Sleet,  249. 

Sling  psjchroraeter,  423. 

Snag  Idke.  121. 

Snake  River,  .7J0. 

Snake  River  valky,  lava  plateau,  125. 

anow,24B;  meaBurement  ot,  424. 

Snnw  crj-stals,  249. 

Snow  field,  137. 

Snow  line,  9B. 

Soil,  16;  glacial,  IM;  importance  ot, 
to  ploDla,  338;  lava,  130;  New  Eng- 
land, 2%;  residual,  43. 

Solar  system,  3;  beat  In,  9. 

Solid,  in. 

Sounding,  ITl. 

Soutb  America,  24; 
206;  faunaot,  3G3. 

Southeast  trades,  2,'i9. 

Southern  ocean,  26;  weather  of,  293: 
winds  of,  261. 

South  magnetic  pole,  41S. 

South  temperate  zone,  climate  of,  293. 

Spain,  peninsula  ot,  26. 

Spectrum,  colors  of,  232. 

Sphagnum,  168. 

Splta,  213. 

Spread  of  animals,  360. 

Springfield,  300. 

Springs,  59. 

Spring  tides,  189,  41T. 

Starhs,  223. 

aialactlt«a,  60,  409,  410. 


of  weatem. 


Steppes,  7f>,  28S ;  flora  of,  342. 

Storms,  2G2-2T1;  cause  of  cyclonic.  264; 
cyclonic,  262;  paths  followed  by, 264} 
in  south  temperate  zone,  293. 

Straits,  cause  of,  207-210. 

Strata,  32 ;  dlaturbance  of,  36. 

Stratified,  32. 

Stratified  drift,  149. 

Stratus  clouds.  218. 

Streams  In  ocean,  191. 

Striie,  142,  1S3. 

Stromboii,  113. 

Struggle  tor  existence,  347. 

Subarctic  elimate,  285. 

Subtropical  climate,  286. 

Subtropical  flora,  342. 

Summer  weather,  eastern  United  States. 
291. 

Sun,  3,  9.  10;  apparent  movements  of, 
397;  distance  lo,  5;  effect  of  position 
on  temperature,  230;  heat  from,  10. 

Sunlight,  importance  ot,  to  plants.  337. 

Superimposed  rivers,  H3. 

Superior,  313;  Lake,  161,  162. 

Surf,  185. 

Survival  of  fittest,  347. 

Susquehanna  River,  329. 

^wamps,  74,  167-170;  cause  of,  167;  ef- 
fectsof,  170;  lake,  165;  mangrove, 217. 

Switzerland,  people  of,  388. 

Symmetrical  folds,  37. 
Syiicline,  37. 
"       cuse,  230,  303. 
Systems,  mountain,  94. 

T, 
Tableland,  S3. 

Tacoma,  31fi. 

Talus,  44,  97. 

TanganTika,  lAke,  162. 

Tasmania,  2n. 

Temperate  tjidbs,  man  in,  385;  climates 

of.  2SS~293;  fauna  ot,  356;   flora  of, 

.'MO. 
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OD,  240;  effect  of,  on  anlmsln,  3S3;  <m' 
pottanfe  of,  to  plsDts,  SK;  influence 
of  cyclones  and  antlcyclonea  ou,  265; 

aensonal  rauge  In,  243;  la  temperate 

zones,  28S. 
Terminal  moraines,  139, 148. 
Terraces,  river,  63. 
ThsvB.  28!),  292. 
ThennoKrapb.  421. 
Thermomelers,  420. 
Tboiuand  Islands,  33D. 
Thunder,  268. 

Thunderstorms,  267,  268,  280,  289,  291. 
Tidal  currents,  18T,  188,  210. 
Tidal  range,  I8T. 
Tides.  I8T-1U0, 416;  effects  of,  189;  vork 

of.  210. 
Till,  142, 163. 
TliDber  line,  96.  30. 
Time  and  longitude,  401. 
Toledo,  le6,  313. 
TopoKTaphlc  maps,  use  of,  432. 
To|Xjgraphy,  Influence  oloncllmate, 279. 
Tornadoes.  268,  289. 
Toronto,  166,  31.3. 

Torrid  zone,  climatic  belts  of,  Zm-IM. 
Trachyte,  411. 
Trade  winds,  259;  belts,  raintall  of,  280, 

281 :  desert  belt«,  281. 
Transparent,  234. 
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Tropical  fanns.  357. 
Tropical  flora.  342. 
Tropical  zone,  man  in,  385. 
Trough  ot  waves,  186. 
Troy,  303. 
Tula,  409,  410. 
Tulare,  L^ke.  67. 
TiiDdra,  76,  168,  340,  384. 
Tunis,  peninsula  of,  2G,  20T. 
Tuacarora  deep,  175. 
TfpluMinB,  269. 


T,  19,  SO,  60, 132;  work 


United  Slates,  physiograph;  of ,  S98-31T  -. 

reasons  for  development  of,  3W-392; 

rivers  of.  320-334 ;  western,  314. 
Unsymmetrical  folds,  3J, 
Utica,  303. 

T. 
Valley  b[«ezeB,  266. 
Valley  glaciers,  137-142 ;  dtetrlbnUonof, 

141;  former  extension  of,  141. 
Valleys,  filling  of,  S7;  yooog,  65. 
Vapor,   15,   19;    measnrement  ot,  423, 


Vaporization,  heat  of.  238. 

Venezuela,  plains  of,  77. 

Vemal  oqulnoi.  400. 

Vesuvius,  116-118.  123,  129. 

VickBburg,61,32«. 

Victoria  Nyaoza,  I^. 

Victoria.  peoinBula  of.  25. 

Vienna,  376. 

Volcanic  ash,  34, 112, 122,  412. 

Volcanic  bombs.  122. 

Volcanic  coaee.  forms  of,  123. 

Volcanic  plug,  136. 

Volcanoes,  101,  112-130;  cause  of,  125; 
distribution  of,  123;  Importance  of, 
129;  in  sea,  denudation  of,  129;  life 
history  of,  128;  materials  erupted 
from,  122. 


Warm,  blooded  animals,  353. 

Warming  of  air.  23B. 

Warming  of  land,  237. 

WarmiuK  of  water.  238. 

Wash  depoalla,  139, 142. 

Washington,  75,  i"^,  307. 

Wash  piaing,  149. 

Water,  18, 19;  forms  .  f.  244-2S0;  influ- 
ence of,  on  climate,  '/77 ;  need  of,  by 
plants,  3.17;  nndergrom,'l,  19,  39,  60, 
S9;  wanning  of,  238. 

Waterfalls,  53 ;  of  glacial  origin,  l.'Bl. 

Water  gape.  95.  103,  309.  391. 

Water  hemisphere,  27. 

Water  planU.  344;  teiture  ol   339. 

Water  power,  elTect  of  glaclet  on,  1SB-, 
New  England.  299, 300. 

Waterspouts,  209. 

Water  vapor,  230^ 

i_^■^ 
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Water  n 
119. 


I,  harrione,  2TI;  volcaoic, 


Wavel,  accompaajlug  hurricane,  Z!l; 

etirtbquHke,  IHti;  iceberg,  186;  wiud, 

IM;  work  of,  210. 
Weatlier,  ZT5-21IS;  desert,  282;  eastern 

United  States,  aummer,  291;  winter, 

292 ;  InHuence  of  cyclones  and  anticy- 

clonee  on,  365;  BOUtbeni  ocaao,  293; 

vane,  420. 
Weatber  Borean,  426. 
Weather  maps.  426. 
Weathering,  3B-44;   aKenla  of,  38;   aid 

or  organisms  In,  40;   reaullH   of,  42; 

influence  of  underBronnd  water,  39; 

rate  of,  41. 
West  coasts,  climate  of,  2S6. 
Westerlies,  preTalllng,  260. 
Western  America,  coast  of,  206. 
Weslem  United  Stales.  314 ;  mineral  In, 

108 ;  volcanoes  in,  124,  125, 
West  Indies,  20,  9S,  20T,  222;  eruptions 

of  1902  in,  113. 
West  wind  drift,  193, 
Wbitecaps,  18S. 
White  race,  382,  383. 
Wilkes  Barre,  109,  300,  3T6. 
Wind-formed  current,  186. 
Wind  gaps,  104. 
Winds,  2SS~362  ;  aid  of,  In  distribution 

of  animals,  3liO.  362 ;  aid  of.  In  spread- 

log  plants,  3U,  346;   as  barriers  te 

spread  ot  plants,  346;  cyclonic  storm, 


289;  tofluence  of,  00  climate,  2TS;  In- 
fluence ot  cyclones  and  andcyelones 
on,  265;  meaanmnient  of,  422,  423; 
monsoon,  2S6-2SH;  prevailing  west- 
er]y,a60;  relation  to  air  preiuure,  256; 
trade,  209;  variable,  prevailing  west- 
erly belt,  289. 

Wind  systems  of  earth,  258. 

Wind  waves,  184. 

Wind  work  on  deserts,  87. 

Winnipeg,  Lake,  162. 

Winter  weather,  eastern  Unll«d  States, 
292, 


Tellow  race,  382,  383. 

Yellowstone  Falls,  326. 

Yellowstone  Park,  316,  326;  geysen  ot, 


132;  : 


a  of.  I 


Yellows 

York  Peninsula.  25. 

Young,  care  of,  by  animals,  360. 

Young  coast  line,  221. 

Young  mountains,  102. 

Young  plain,  79. 

Young  stream  valleys,  SG. 


B,364;  of  beat,  2TS. 
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Tarr   and   McMurry's   Geographies 

A  Raw  BaiiM  of  GeotrapUsa  In  Two,  ThiM,  Or  Fir*  ToloMM 

By  RALPH  S.  TARR.  B.S..  F.QAA. 

COIHMLL  UHIVEISItY 

PRANK   M.  McMURRV,  Ph.D. 

Teacxbis  Collrce,  Colvubia  UWVUSITV 


TWO  BOOK  SERIES 
CtmplBtc  GMgr&phj 

THB  TKREB  BOOK  SERIES 
First  Book  (4th  and  5ih  years)  Home  Geognphy  and  the  Euth 
-fhiAe 


THE  FIVE  BOOK  SERIES 


D  Part  (sifi  year)  The  Earth  «a  a  Whole       ....    4ocents 

Third  Part  (61I1  yt^ai)  north  America 75  cent! 

FOUR'J'II  Part  (7ih  yeac)  Europe,  South  America,  etc.  .50  cent* 

Fifth   Part  <Bih   venr)   AsU  and  Africa,  with  Review  of  North 

America  (with  State  Supplement) 50  cents 


Without  Supplement  . 


McMuHRV  ."."'.        .'       .  .      40cent«net 


To  mee[  Ihe  requirements  of  somi 
Book,  treating  uf  South  Americii,  is  b 
North  America  ami  South  America  li^cincr  m  one  voiume. 

I'hc  idllowing  Supplementary  Volumes  hnve  also  been  prepared,  and  may  be 
had  seKiiHlely  or  bound  [ogi^hcr  with  the  Third  Book  of  the  ITiree  Book  Series, 
or  the  Fifth  Part  of  tlie  Five  [look  Series : 


SUPPLEMENTARY  VOLUMES 


Hew  Tork  State     ...  30  centa 

The  New  EocUmd  StatM   .  30  centa 

Utah 40  cents 

CallfornU 30  cent* 

Ohio 30  centa 

nUnolB 30  centa 

Hewjeraer      ....  jocenU 

When  ordering,  be  careful  to  ipecHy  the  Book  or  E'art  and  the  Series  desired, 
■nd  whether  with  or  without  the  Slate  Supplement. 
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64-66  riFTH  AVENUE.  NEW  YORK  ,k>|c 

)STON  CHICAGO  ATLANTA  SAN  FRANCISCO 


Elementary  Physical  Geography. 


EALPH  STOCKHAK  TAEB,  B.&.,  F.Q.8.A., 


"There  Ii  an  ftdvanced  »nd  modeniiied  phue  of  phywcal  gtogaphy,  tra«- 
evet,  which  the  majoiit]'  of  the  committee  prefer  to  detigmte  phjnography, 
not  bcoQte  the  n&me  ii  important,  but  became  it  emphaiizes  a  qiecial  and 
important  phaie  of  the  lubject  and  of  iti  treatment  The  icientifie  invedi- 
gation*  of  the  Uit  decade  have  made  very  impor'ant  additions  to  the  phTSO- 
graphic  knowledge  and  methodi  of  ttndy.  These  are  indeed  lo  isdical  ai 
to  be  properly  regarded,  perhaps,  as  revolutiooaiy." 

"The  majority  of  the  Conference  wish  to  impress  upon  the  aCteatioti  of  the 
teachen  the  (act  thai  there  hai  been  developed  within  the  pait  decade  a  new 
and  most  important  phase  of  the  subject,  *nd  to  urge  thai  they  baaten  to 
acquaint  themielvei  with  it  and  bring  it  into  the  work  of  the  school-room 
and  of  tl)efield."~^f^/«/(;A^a/4)'  Cmfirtiut  tt  (JU  CimvmtUff  Ttm. 


The  phenomenal  rajudity  with  which  Tarr^  Elementary  Physical  Geographj 
baa  been  introduced  Into  the  best  high  school*  of  this  country  ii  a  fad 
hmiliar  to  the  school  pablic  The  reason  aboold,  by  this  time,  be  equally 
familiar  —  the  existence  of  a  field  of  school  work  in  which,  until  the  appearance 
of  Tarr's  book,  there  was  not  a  ungle  adequate  or  modem  American  text- 
book. That  such  a  field  did  exist,  is  simply  shown  by  the  paragraphs  reprinted 
above.  The  adoption  of  the  book  in  tnch  important  high  school*  a*  Ihote  lA 
Chicago,  and  the  expresdons  of  approval  from  representative  New  l?jigl«n^ 
■chools,  will  indicate  how  well  the  field  ha*  been  covered. 

TuT's  High  SdlOOl  OMlogy,  uniform  with  Elementary  Pbyikal  Geo- 
gT^>hy,  lia*  attained  wide  use  since  it*  publication  In  Febraary. 

THE  MACMILLAN   COMPANY. 
NBW  TOUL  CHICAOa  BAN  FRAMCISCa 
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